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PROBLEM TO BE SOLVED: To provide a radial transverse 
electric polarizer comprising a first layer of material having a 
first refractive index, a second layer of material having a second 
refractive index and a plurality of elongated elements 
azimuthally and periodically spaced apart and disposed between 
the first layer and the second layer. 

SOLUTION: A plurality of the elongated elements interact with 
electromagnetic waves of radiation to transmit transverse 
electric polarization of electromagnetic waves of radiation. The 
polarizer device may be used, for example, in a lithographic 
projection apparatus to increase imaging resolution. A device 
manufacturing method includes the polarizing of a radiation 
beam PB by means of a transverse electric polarization. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a radial longitudinal direction electrical-and-electric-equipment polariscope device, 
The 1st layer of an ingredient which has the 1st refractive index, 
The 2nd layer of an ingredient which has the 2nd refractive index, 

It **** periodically by the azimuth and has two or more long and slender elements arranged between said 
1 st layer and said 2nd layer, 

The radial longitudinal direction electrical-and-electric-equipment polariscope device with which the long 
and slender element of said plurality interacts with the electromagnetic wave of a radiation, and penetrates 
longitudinal direction electrical-and-electric-equipment polarization of the electromagnetic wave of a 
radiation. 
[Claim 2] 

A radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 
with said 1 st refractive index equal to said 2nd refractive index. 
[Claim 3] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 
with which the long and slender element of said plurality forms two or more gaps. 
[Claim 4] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 3 
with which said gap includes air. 
[Claim 5] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 3 
with which said gap contains the ingredient which has the 3rd refractive index. 
[Claim 6] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 
with which said long and slender element has the 4th refractive index. 
[Claim 7] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 
by which said long and slender element is periodically ****(ed) with the period chosen so that the 
electromagnetic wave of said light might be polarized by longitudinal direction electrical-and-electric- 
equipment polarization. 
[Claim 8] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 
said whose electromagnetic radiation is ultraviolet rays. 
[Claim 9] 

It is a radial longitudinal direction electrical-and-electric-equipment polariscope device, 
The substrate ingredient which has the 1 st refractive index, 

It is combined with said substrate ingredient, and has two or more long and slender elements by which 
orientation was carried out by the azimuth, and said long and slender element has the 2nd refractive index, 
The radial longitudinal direction electrical-and-electric-equipment polariscope device which interacts with 
the electromagnetic radiation in which said two or more elements were ****(ed) periodically, and two or 
more gaps were formed therefore, which said radial longitudinal direction electric polarization machine 
device equipped with the 1 st and 2nd polarization, reflects the radiation of the 1 st polarization altogether 
mostly, and penetrates the radiation of the 2nd polarization altogether mostly. 
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[Claim 10] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
said whose 1st polarization is longitudinal direction MAG polarization and said whose 2nd polarization is 
longitudinal direction electrical-and-electric-equipment polarization. 
[Claim 11] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
in which the long and slender element of said plurality is formed with an ingredient conductive on the 
wavelength in said electromagnetic radiation. 
[Claim 12] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 1 
with which said conductive ingredient is chosen from the group of aluminum, chromium, silver, and gold. 
[Claim 13] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
in which said substrate ingredient is formed with an ingredient dielectric on the wavelength of said 
electromagnetic radiation. 
[Claim 14] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 13 
with which said dielectric ingredient is chosen from the group of a silicon dioxide, silicon oxide, silicon 
nitride, gallium arsenide, and its combination. 
[Claim 15] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
with which said substrate ingredient is equipped with a dielectric ingredient. 
[Claim 16] 
Further, 

It has the film of an absorptivity ingredient and the film of said absorptivity ingredient absorbs a radiation 
on the wavelength of said electromagnetic radiation, 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
by which the long and slender element of said plurality is covered by the film of said absorptivity ingredient. 

[Claim 17] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 16 
with which a part of reflective radiation of the 1 st polarization which changed to the secondary radiation of 
the 2nd radiation is mostly absorbed by the film of said absorptivity ingredient. 
[Claim 18] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 17 
with which the radiation of the 2nd polarization is absorbed only for a critical mass by the film of said 
absorptivity ingredient. 
[Claim 19] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 1 8 
with which the film of said absorptivity ingredient cancels mostly the flare of the polarization in the 
equivalence radiation of the 2nd radiation. 
[Claim 20] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 9 
whose 2nd polarization is longitudinal direction electrical-and-electric-equipment polarization. 
[Claim 21] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 16 
with which the film of said absorptivity ingredient is chosen from the group of aluminum 203 and anodized 
aluminum. 
[Claim 22] 

It is lithography projection equipment, 

The radiation system constituted so that the projection beam of a radiation might be offered, 
It has the supporting structure constituted so that a patterning device might be supported, a patterning device 
is constituted so that pattern formation may be carried out to a projection beam according to a desired 
pattern, and it is a pan, 

The substrate table constituted so that a substrate might be held, 

The projection system constituted so that the beam which carried out pattern formation might be projected 
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on the target part of a substrate, 

Lithography projection equipment equipped with the polariscope device built and arranged so that said 
radiation beam may be polarized in the direction of longitudinal direction electrical-and-electric-equipment 
polarization. 
[Claim 23] 

Said polariscope device 

The 1 st layer of an ingredient which has the 1 st refractive index, 
The 2nd layer of an ingredient which has the 2nd refractive index, 

I t **** periodically by the azimuth and has two or more long and slender elements arranged between said 
1 st layer and said 2nd layer, 

Lithography projection equipment according to claim 22 with which the long and slender element of said 
plurality interacts with said radiation beam, and penetrates longitudinal direction electrical-and-electric- 
equipment polarization of said radiation beam. 
[Claim 24] 

Said polariscope device 

The substrate ingredient which has the 1st refractive index, 

It is combined with said substrate ingredient, and has two or more long and slender elements by which 
orientation was carried out by the azimuth, and said long and slender element has the 2nd refractive index, 
Lithography projection equipment according to claim 22 which interacts with the radiation beam in which 
said two or more elements were ****(ed) periodically, and two or more gaps were formed therefore, which 
said radial longitudinal direction electrical-and-electric-equipment polariscope device equipped with the 1st 
and 2nd polarization, reflects the radiation of the 1st polarization altogether mostly, and penetrates the 
radiation of the 2nd polarization altogether mostly. 
[Claim 25] 

Said polariscope device is further equipped with the film of an absorptivity ingredient, and the film of said 
absorptivity ingredient absorbs a radiation on the wavelength of said electromagnetic radiation, 
Lithography projection equipment according to claim 24 by which the long and slender element of said 
plurality is covered by the film of said absorptivity ingredient. 
[Claim 26] 

Lithography projection equipment according to claim 25 with which the film of said absorptivity ingredient 
is chosen so that the part of the reflective radiation of the 1 st polarization which changed to the secondary 
radiation of the 2nd polarization may be mostly absorbed by the film of said absorptivity ingredient. 
[Claim 27] 

Lithography projection equipment according to claim 26 with which the radiation of the 2nd polarization is 
absorbed only for a critical mass by the film of said absorptivity ingredient. 
[Claim 28] 

Lithography projection equipment according to claim 27 with which the film of said absorptivity ingredient 
cancels the polarization flare of the transparency radiation of the 2nd polarization mostly. 
[Claim 29] 

Lithography projection equipment according to claim 25 whose 2nd polarization is longitudinal direction 
electrical-and-electric-equipment polarization. 
[Claim 30] 

Lithography projection equipment according to claim 25 with which the film of said absorptivity ingredient 
is chosen from the group of aluminum 203 and anodized aluminum. 
[Claim 31] 

Lithography projection equipment according to claim 22 which has the wavelength range of said radiation 
beam in an ultraviolet spectrum. 
[Claim 32] 

Lithography projection equipment according to claim 31 said whose wavelength range is for 365nm and 

126nm. 

[Claim 33] 

Lithography projection equipment according to claim 3 1 which has said wavelength range in the extreme 

ultraviolet. 

[Claim 34] 

the electromagnetic radiation equipped with the 1st and 2nd polarization — interacting — the radiation of the 
1st polarization — almost — all — reflecting — the radiation of the 2nd polarization — almost — all the radial 

http://www4.ipdl.ndpi. go jp/cgi-bin/tran_^ 9/25/2006 



JP,2004-258670,A [CLAIMS] 



Page 4 of 5 



longitudinal direction electrical-and-electric-equipment polariscope devices to penetrate, 

Each is equipped with the linearly polarized light machine plate of two or more sector forms where two or 

more parallel directions of the linearly polarized light are demarcated, 

The polariscope device which the linearly polarized light machine plate of two or more of said sector forms 
is arranged by the azimuth, therefore the parallel direction of the linearly polarized light of said plurality 
rotates, and forms a radial polarization configuration. 
[Claim 35] 

The radial longitudinal direction electrical-and-electric-equipment polariscope device according to claim 34 
built and arranged so that said radial longitudinal direction polariscope may rotate a right-angled axis as a 
core to the field demarcated with said radial longitudinal direction polariscope. 
[Claim 36] 

It is the device manufacture approach, 

A substrate is partially projected for the radiation beam which carried out pattern formation on the target 
part of the layer of a wrap radiosensitivity ingredient at least, 

An approach equipped with polarizing said radiation beam by longitudinal direction electrical-and-electric- 
equipment polarization. 
[Claim 37] 

The device manufactured by the approach according to claim 36. 
[Claim 38] 

It is a tangent polariscope device, 

The cube beam splitter polariscope built and arranged so that it may polarize to the linearly polarized light in 
a part of incident light [ at least ], 

It has a polarization plate equipped with two 1/2-wave plates, 

Said polarization plate is arranged at the edge of said cube beam splitter polariscope, and polarizes said 
linearly polarized light to the 1st s-polarized light and the 2nd s-polarized light, therefore the wave vector of 
said 1 st s-polarized light and the wave vector of said 2nd s-polarized light are a right-angled tangent 
polariscope device to mutual. 
[Claim 39] 

The tangent polariscope device according to claim 38 which uses said 1st s-polarized light, is horizontal, 
prints a line on a wafer, uses said 2nd s-polarized light, is perpendicular and prints a line on a wafer. 
[Claim 40] 

It is a polariscope device, 
Polarization component, 

It has the absorber arranged behind said polarization component, 

The polariscope device with which said ingredient absorbs the radiation of said 2nd polarization altogether 
mostly including the ingredient which said polarization component interacts with the electromagnetic 
radiation equipped with the 1st and 2nd polarization, reflects the radiation of the 1st polarization altogether 
mostly, penetrates the radiation of the 2nd polarization altogether mostly, and said absorber absorbs on the 
wavelength of said electromagnetic radiation. 
[Claim 41] 

The polariscope device according to claim 40 which said polarization component is equipped with two or 
more long and slender elements by which orientation was carried out by the azimuth, and said two or more 
elements are ****(ed) periodically, and forms two or more gaps. 
[Claim 42] 

The polariscope device according to claim 41 whose long and slender element of said plurality is 
conductivity on the wavelength of electromagnetic radiation. 
[Claim 43] 

The polariscope device according to claim 40 said whose 1 st polarization is longitudinal direction MAG 
polarization and said whose 2nd polarization is longitudinal direction electrical-and-electric-equipment 
polarization. 
[Claim 44] 

The polariscope device according to claim 40 by which said polarization component is equipped with two or 
more rings arranged on a concentric circle, and said ring is ****(ed) periodically. 
[Claim 45] 

The polariscope device according to claim 44 said whose 1st polarization is longitudinal direction electrical- 
and-electric-equipment polarization and said whose 2nd polarization is longitudinal direction MAG 
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polarization. 
[Claim 46] 

Reflective type lithography equipment which uses a modification machine device according to claim 40. 
[Claim 47] 

The modification machine device according to claim 40 with which said ingredient absorbed on said 
wavelength of electromagnetic radiation is chosen from the group of aluminum 203 and anodized 
aluminum. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to an optical polariscope especially in general at the polariscope of the lithography of 
high numerical aperture. 
[Background of the Invention] 
[0002] 

Lithography projection equipment is applicable to manufacture of an integrated circuit (IC). In such a case, a 
pattern formation means can generate the circuit pattern corresponding to each layer of IC, and can **** it 
into the target part (for example, it has one or more dies) on the substrate (silicon wafer) which covered this 
pattern with the layer of a radiosensitivity ingredient (resist). Generally, one wafer or substrate includes all 
the networks of the contiguity target part continuously irradiated through a projection system by 1 time per 
every **. 
[0003] 

If the vocabulary a "patterning device" is used on these specifications, it will be interpreted as pointing out 
the device which corresponds to the pattern which should be generated into the target part of a substrate, and 
can use the cross section which carried out pattern formation in order to give an incidence radiation beam by 
the wide sense. The vocabulary a "light valve" can also be used in this context. Generally, a pattern 
corresponds to the specific stratum functionale of devices generated into a target part, such as an integrated 
circuit or other devices. 
[0004] 

An example of such a patterning device is a mask. The concept of a mask is well known for lithography and 
includes mask types, such as a binary, a mutual phase shift and an attenuation phase shift, and still more 
various compound mask types. If such a mask is arranged to a radiation beam, the alternative transparency 
(in the case of a penetrable mask) or reflection (in the case of a reflexibility mask) of a radiation which 
collides with a mask according to the pattern on a mask will arise. In the case of a mask, the supporting 
structure is a mask table in general, it can hold in the location of a request of a mask of an incident radiation 
beam by this, and it is guaranteed that it can move to a beam according to a request. 
[0005] 

Another example of a patterning device is programmable Miller Alley. An example of such an array is a 
matrix addressable front face which has a viscoelasticity control layer and a reflexibility front face. The area 
where, as for the principle which becomes the origin of such equipment, for example, the reflexibility front 
face was addressed reflects incident light as refracted light, and the area which is not addressed is reflecting 
incident light as non-refracted light. If a suitable filter is used, the non-refracted light can be removed from a 
reflective beam, and it can leave only the refracted light. By this approach, pattern formation of the beam is 
carried out according to the addressing pattern of a matrix addressable front face. 
[0006] 

Minute Miller's matrix configuration can be used for programmable Miller Alley's alternative 
implementation gestalt, and each mirror can make it incline separately around an axis by giving the 
localized suitable electric field or using a piezo-electric starting means. Also in this case, matrix addressing 
is possible for Miller, therefore addressed Miller reflects a radiation beam in the different direction from 
Miller who is not addressed. By this approach, pattern formation of the reflective beam is carried out 
according to the addressing pattern of matrix addressable Miller. Required matrix addressing can be carried 
out using suitable electronic equipment. A patterning device can be equipped with one or more 
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programmable Miller Alley on the both sides of the situation mentioned above. The detailed information 
about Miller Alley who makes reference on these specifications is collectable by U.S. Pat. No. 5,296,891, 
U.S. Pat. No. 5,523,193, the international PCT patent application 98th / No. 38597, and the 98th / No. 
33096. In the case of programmable Miller Alley, it may fix if needed or the supporting structure may be 
realized as the frame which can operate, or a table. 
[0007] 

Another example of a patterning device is a programmable LCD array. An example of such structure is 
given by U.S. Pat. No. 5,229,872. Like the above, it may fix if needed or the supporting structure in this case 
may be realized as the frame which can operate, or a table. 
[0008] 

In order to simplify, on these specifications, it points to especially the example in connection with a mask 
and a mask table after this in a specific part. However, please take into consideration the general principle 
which is examined in such a case in the context of a twist wide sense called a patterning device which was 
described above. 
[0009] 

With this equipment that uses pattern formation with the mask on a mask table, the machine of two different 
types is distinguishable. With the lithography projection equipment of one type, each target part is irradiated 
by making the whole mask pattern expose to a target part at once. Such equipment is usually called a wafer 
stepper. In the alternate device generally called scan step type equipment, parallel or reverse parallel is 
irradiated by carrying out the synchronous scan of the substrate table in this direction at each target part, 
scanning a mask pattern gradually in the reference direction (the "scan" direction) of arbitration under a 
projection beam. Generally, since a projection system has a scale factor M (in general <1), the rate V which 
scans a substrate table serves as a value which applies the rate which scans a mask table for a multiplier M. 
The detailed information about lithography equipment which is explained on these specifications can be 
seen by U.S. Pat. No. 6,046,792 included in this specification by reference. 
[0010] 

In the known manufacture process which uses lithography projection equipment, a pattern (for example, 
mask) is ****(ed) to the substrate partially covered in the layer of a radiosensitivity ingredient (resist) at 
least. In front of this **** step, various procedures, such as a priming, resist covering, and software BEKU, 
may be carried out to a substrate. A substrate can carry out other procedures, such as postexposure bake 
(PEB) of the picturized description, development, hard BEKU, and measurement/inspection, after exposure. 
IC etc. is used for this procedure of a series of as the base for carrying out pattern formation to each layer of 
a device. Such a layer that carried out pattern formation can carry out various processes, such as etching, an 
ion implantation (doping), metallization, oxidation, chemistry, and mechanical polish, next, and it has the 
intention of these all so that each layer may be finished. When several layers are required, the whole 
procedure or its deformation must be repeated for every new layer, and overlay (juxtaposition) of 
accumulated various layers is performed as correctly as possible. Therefore, a small reference mark is 
prepared in one or more locations of a wafer, therefore the origin of system of coordinates is demarcated on 
a wafer. When optics and an electron device are used combining the pointing device (it is called an 
"alignment system" below) of a substrate holder, whenever it makes the existing layer juxtapose a new 
layer, this mark can be rearranged, and it can be used as alignment criteria. Finally, an array-like device 
exists on a substrate (wafer). Next, with techniques, such as dicing or sewing, it dissociates from mutual, 
and it can equip with each device on a carrier, or these devices can be connected to a pin here. The further 
information about such a process is "Microchip Fabrication of for example, Peter van Zant work. : A 
Practical Guide to Semiconductor Processing It can gain from the work of the 3rd edition (McGraw Hill 
Publishing Co., 1997, ISBN 0-07-067250-4)." 
[0011] 

In order to simplify, a projection system is called this "a lens" or subsequent ones. However, please interpret 
this vocabulary in the thing and wide sense containing a projection system various type [, such as dioptric 
system, catoptric system, and cata-dioptric system, ]. Orientation and since it fabricates or controls, a 
radiation system can also contain the component which operates by these design types of either, and can also 
call a projection radiation beam a "lens" by collective [ such a component ] below or independent. 
Furthermore, the type which has two or more substrate tables (and/or, two or more mask tables) is sufficient 
as lithography equipment. In the device of such "two or more stages", one or more tables are used for 
exposure, using it by making an additional table parallel, or carrying out a reserve step on one or more 
tables. Duplex stage lithography equipment is indicated by U.S. Pat. No. 5,969,441 and No. 6,262,796. 
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[0012] 

If a new tool and a new approach are developed with lithography, the resolution of the **** device by 
which pattern formation is carried out on devices, such as IC, will be improved. It continues being improved 
and the tool and technique of optical lithography become even the resolution of less than 50nm depending 
on the case. This can be attained using abundant techniques, such as a lens (0.75 or more NAs) of 
comparatively high numerical aperture (NA), wavelength only with 157nm and a phase shift mask, and a 
different photoresist process from the former that illuminated and progressed. 
[0013] 

In order to make successful the manufacture process in resolution smaller than such wavelength, the 
capacity, which prints a low modulation image, or the capacity to which an image modulation is made to 
increase to the level which takes out the yield of permissible lithography is used. 
[0014] 

Usually, industry used the Rayleigh criterion and has evaluated the function of the resolution of a process, 
and the depth of focus. Resolution and the depth of focus (DOF) are given by the bottom type. 
Resolution = kl (lambda/NA) 
It reaches. 

DOF=k2 (lambda/NA 2) 

lambda is the wavelength of the lighting source and kl and k2 are the constants of a specific lithography 

process here. 

[0015] 

Therefore, on specific wavelength, the depth of focus can be shortened as NA of the tool to be used is made 
high and resolution goes up. It is known well that DOF will be lost in high NA. However, as for the 
polarization target of a coherent system, NA is not inspected partially highly. A bottom type is followed. 
[Equation 1] 

I (r, Zo) = £. J dp J(p 0 ) | FT { O(p-po) Pi(p) Fi(p,z) H(p,Zo) 



[0016] 

Image I is the function of a location r with the film of arbitration, such as a photoresist, and is peculiar to the 
focal location Z0 of arbitration here. This formula is effective about all NA(s), and an image is the sum total 
of all the polarization conditions i. An integral is performed covering distribution of the source defined by J. 
The fourier term in a bracket shows the electric-field distribution in an exit pupil. The 4th term in a bracket 
is the object spectrums O, the polarization functions P, the functions F of a film, and the pupil functions H 
of a reticle pattern, respectively. 
[0017] 

According to this formula, high **** of NA is essentially related with a polarization condition and a 
diaphragm structure, and can change thoroughly the power and electric-field association which a photoresist 
film absorbs here. The power absorbed by the plane-of-incidence wave on a photoresist film is proportional 
to exposure required for the development of a film. 
[0018] 

"25th Annual International Symposium on Microlithography (SPIE) held in U.S. California Santa Clara on 
February 27, 2002 to March 3 Optical Lithography into the Millennium: Research of Donis G.Flagello 
announced with a title called Sensitivity to Aberrations and Vibrations and Polarization", and others 
Emitting greatly to a maximum of 25% of power change by NA with two high polarization (the longitudinal 
direction electrical-and-electric-equipment polarization TE and longitudinal direction MAG polarization 
TM) which intersects perpendicularly was shown. A **** system reduces this effectiveness including 
whenever [ two or more, incident angle ]. However, a mutual phase shift mask (PSM) needs a small partial 
interference, and this may restrict the total of an include angle, therefore the same exposure change may be 
produced. 
[0019] 

A result is acquired from simulation and this shows that the limit-size difference in the condition of not 
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polarizing with the condition of having polarized completely is determined with numerical aperture NA. A 
result also shows that the line in a mutual phase shift mask (PSM) which crowded is the most important 
description, as for this, the configuration of a pupil generates interference of 2 beams fundamentally on 
wafer level, and this case is explained by by tending to make effectiveness of polarization into max. For 
example, (comparatively high), residual polarization must be restricted to 1 0% to choose the numerical 
aperture 0.85 and restrict a systematic limit-size CD error to less than 3%. Limit size CD is a minimum 
interval between possible 2 main tracks in the minimum width of face of a line, or manufacture of a device. 
A simulation result also shows that pupil restoration level and partial interference can make effectiveness of 
polarization small. This is shown by the effect of the small polarization to the device which used the 
conventional lighting. 
[0020] 

Therefore, since the **** technique which makes [ many ] the phase mask to be used and needs small 
interference level is used, the newer measurement technique of a lens may be needed. For example, lighting 
polarization of a lithography tool is specified very strictly as a result of the high polarization effectiveness of 
NA. 
[0021] 

157nm optical lithography is likely to be extended to less than 50nm downward enough depending on [nm / 
70 ] the case, without changing the lighting source (laser) or a mask technique with the advent of the 
improvement technique (RET) in resolution called "liquid immersion." M.Switkes of the title "Immersion 
Lithography at 157 nm" announced by J. Vac. Sci. Technology B19 in 2001 1 1 / December (6) — according to 
the paper of Massachusetts Institute of Technology (MIT) twisted in addition to this, a liquid immersion 
technique may negate the need for next-generation lithography (NGL), such as the extreme ultraviolet 
(EUV) and electronic projection lithography (EPL). A chemical and a resist are used for a liquid immersion 
technique, and it raises resolution. Immersion lithography can raise the resolution of the projection optics 
system which has the numerical aperture of the refractive index of immersion fluid by the highest. 
Numerical aperture NA is equal to the product of the refractive index n of a medium, and the sine of the half 
width of the cone of the light converged on the stippling image of a wafer (NA=n sintheta). Therefore, 
resolution can be raised, if a refractive index n is made to increase and NA is made to increase (resolution = 
see the formula of kl (lambda/NA)). However, as mentioned above, when NA becomes high, the 
specification over lighting polarization of a lithography tool may become very severe. Therefore, the role 
which polarization plays in immersion lithography increases. 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0022] 

It is the mode of this invention to offer the radial longitudinal direction electrical-and-electric-equipment 
polariscope equipment containing the 1st layer of an ingredient which has the 1st refractive index, the 2nd 
layer of the ingredient which has the 2nd refractive index, and two or more long and slender elements which 
it ****(ed) periodically by the azimuth and have been arranged between the 1st layer and the 2nd layer. 
Two or more long and slender elements interact with the electromagnetic wave of a radiation, and penetrate 
longitudinal direction electrical-and-electric-equipment polarization of the electromagnetic wave of a 
radiation. 

[Means for Solving the Problem] 
[0023] 

With one operation gestalt, the 1 st refractive index is equal to the 2nd refractive index. With another 
operation gestalt, two or more long and slender elements form two or more gaps. These gaps can contain the 
ingredient which has air or the 3rd refractive index. With still more nearly another operation gestalt, a long 
and slender element is the period chosen so that the electromagnetic wave of the radiation of longitudinal 
direction electrical-and-electric-equipment polarization might be polarized, and is ****(ed) periodically. 
[0024] 

It is another mode of this invention to offer the radial longitudinal direction electrical-and-electric- 
equipment polariscope device containing two or more elements which were combined with the long and 
slender element which has the substrate ingredient which has the 1st refractive index, a substrate ingredient, 
and the 2nd refractive index and in which orientation was carried out by the azimuth long and slender, the 
electromagnetic radiation in which two or more elements are ****(ed) periodically, and two or more gaps 
are formed in, therefore a radial longitudinal direction electrical-and-electric-equipment polariscope device 
has the 1 st and 2nd polarization — interacting ~ the radiation of the 1 st polarization — almost — all — 
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reflecting — the radiation of the 2nd polarization — all are penetrated mostly. 
[0025] 

With the operation gestalt of this invention, the 1st polarization is longitudinal direction MAG polarization 
(TM), and the 2nd polarization is longitudinal direction electrical-and-electric-equipment (TE) polarization. 
Two or more long and slender elements can be formed with aluminum, chromium, silver, and gold. A 
substrate ingredient is good in Quartz (silicon dioxide), silicon oxide, silicon nitride, gallium arsenide, a 
dielectric material, and its combination. 
[0026] 

With another operation gestalt of this invention, a radial longitudinal direction electrical-and-electric- 
equipment polariscope contains the film of an absorptivity ingredient further by option. Two or more long 
and slender elements are covered with the film of the absorptivity ingredient absorbed on the wavelength of 
electromagnetic radiation. The film of an absorptivity ingredient is the part of the radiation which the 1st 
polarization reflected, and the part deformed into the secondary radiation of the 2nd polarization is chosen 
so that it may be mostly absorbed by the film of an absorptivity ingredient. By this approach, the film of an 
absorptivity ingredient can cancel mostly the polarization flare (fluctuation) of the transparency radiation of 
the 2nd polarization. 
[0027] 

Another mode of this invention is offering the polariscope device containing a polarization component and 
the absorber arranged behind a polarization component. A polarization component interacts with 
electromagnetic radiation including the 1st and 2nd polarization, reflects the radiation of the 1st polarization 
altogether mostly, and penetrates the radiation of the 2nd polarization altogether mostly. An absorber 
contains the ingredient absorbed on the wavelength of electromagnetic radiation. An ingredient absorbs the 
radiation of the 2nd polarization altogether mostly. A polariscope can be used with reflective type 
lithography equipment. 
[0028] 

With one operation gestalt, a polarization component contains two or more long and slender elements by 
which orientation was carried out by the azimuth. Two or more elements are ****(ed) periodically and form 
two or more gaps. Two or more long and slender elements may be conductivity on the wavelength of 
electromagnetic radiation. With an instantiation-operation gestalt, the 1st polarization is longitudinal 
direction MAG polarization, and the 2nd polarization is longitudinal direction electrical-and-electric- 
equipment polarization. 
[0029] 

With another operation gestalt, a polarization component contains two or more rings which have been 
arranged concentrically and ****(ed) periodically. With an instantiation-operation gestalt, the 1st 
polarization is longitudinal direction electrical-and-electric-equipment polarization, and the 2nd polarization 
is longitudinal direction MAG polarization. 
[0030] 

According to another mode of this invention, lithography projection equipment is offered. Equipment The 
radiation system built and arranged so that a projection radiation beam may be offered, The supporting 
structure built and arranged so that a patterning device may be supported is included. A patterning device 
The substrate table which is built and arranged so that pattern formation may be carried out to a projection 
beam according to a desired pattern, and holds a substrate further, The projection system built and arranged 
so that the beam which carried out pattern formation may be projected on the target part of a substrate, and 
the polariscope device built and arranged so that a radiation beam may be polarized in the longitudinal 
direction electrical-and-electric-equipment polarization direction are included. 
[0031] 

In the further mode of this invention, the device manufacture approach including projecting the radiation 
beam which carried out pattern formation of the substrate to the target part of the layer of a wrap 
radiosensitivity ingredient partially at least, and polarizing a radiation beam by longitudinal direction 
electrical-and-electric-equipment polarization is offered. Still more nearly another mode of this invention is 
offering the device manufactured using the approach mentioned above. 
[0032] 

Although especially the thing for which the equipment by this invention is used for manufacture of IC is 
mentioned on these specifications, such equipment should understand clearly that many other applications 
are possible. For example, you may use it for guidance and the detection pattern of an integrated optics 
system and magnetic domain memory, a liquid crystal display panel, the thin film magnetic head, etc. When 
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using the vocabulary a "reticle", a "wafer", or a "die" on these specifications about such an alternative 
application, the thing it should be considered that permutes it by the vocabulary respectively more common 
a "mask", a "substrate", and a "target part" is understood by this contractor. 
[0033] 

On these specifications, the vocabulary a "radiation" and a "beam" is used so that the electromagnetic 
radiation of all the types containing ultraviolet rays (wavelength is 365, 248, 193, 157, or 126nm) and EUV 
(it has the wavelength of the extreme ultraviolet, for example, the range which is 5-20nm), and a particle 
beam still like an ion beam or an electron beam may be included. 
[0034] 

the above of this invention, and the other purposes — current [ of this invention ] — by taking into 
consideration detailed explanation of the following related with a desirable instantiation-operation gestalt in 
connection with an accompanying drawing, he becomes still clearer and I am understood still more easily. 
[Best Mode of Carrying Out the Invention] 
[0035] 

Some techniques have been used in order to generate polarization. In order to polarize in a natural 
configuration, i.e., unpolarized light, there are four techniques fundamentally. One technique is based on a 
birefringence or a biaxial ingredient. The 2nd technique is based on use of dichroic ingredients, such as a 
"Polaroid." The 3rd technique uses a thin film technology and uses the brewster effectiveness. The 4th 
technique is based on a wire grid or a conductive grid. 
[0036] 

Polarizing light using a birefringence ingredient is known for production of a birefringence polariscope. A 
birefringence polariscope can be created also from many crystals and specific extension polymers. A 
birefringence ingredient is an ingredient which has a different refractive index from another direction in an 
one direction. Extent of the difference of the refractive index in a 2-way changes according to the 
wavelength of light. The difference of a refractive index is used and the beam of the one linearly polarized 
light is separated with another it. Use of a birefringence polariscope needs the light by which was 
characterized by the engine performance depending on inefficiency and wavelength, and the collimation was 
carried out to altitude. Generally from these reasons, a birefringence polariscope is not used in an optical 
projection system. 
[0037] 

A clichroic polariscope is a polariscope designed so that one polarization might be absorbed and another side 
might be penetrated. The dichroic polariscope most generally used is extended so that orientation of the 
molecule may be carried out, and it consists of polymer sheets processed with iodine and/or other 
ingredients, or a chemical so that a molecule may absorb polarization of an one direction. An extension 
polymer polariscope absorbs at least 1 5% of all the reinforcement of one polarization, and the transmitted 
polarization. An extension polymer polariscope deteriorates with time amount. It is because it becomes 
[ whether an ingredient becomes yellow by light inducing the chemical change of a polymer ingredient 
consequently, and ]. The dichroic polariscope is sensitive to heat and other environmental change. 
[0038] 

The polariscope device which made the extension polymer sheet the birefringence in these ten years was 
developed. This extension sheet reflects one polarization and passes another side. One problem of this 
polariscope technique is a low extinction coefficient called about 15. Although it is useful depending on an 
application, this extinction coefficient is not enough for a **** application without a secondary polariscope. 
This type of polariscope is afflicted also from the environmental problem mentioned above. 
[0039] 

The beam of light which carries out incidence of the thin film polariscope technique to the front face of 
ingredients, such as glass and plastics, by whenever [ Brewster's angle ] (about 45 degrees) is divided into 
two polarization beams, penetrates one side, and another side uses the brewster effectiveness to reflect. 
However, a thin film polariscope technique restricts the include-angle range of beam-of-light incidence. The 
permission include-angle range is restricted very narrowly by most devices with abundance. A thin film 
polariscope technique is afflicted by the dependency of wavelength for the dependency of whenever [ over 
the wavelength of incident light / Brewster's angle ]. 
[0040] 

The one where a beam is brighter is always desirable in the image projection system which explores 
application of a polarization beam of light. The brightness of a polarization beam is determined by many 
elements and one of the elements is the light source itself. Another element of the system which uses a 
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polariscope is a light-receiving angle. A light-receiving angle is narrow or the system which uses a light- 
receiving angle with the restricted large polariscope cannot collect much light from the emission light 
source. The polariscope with a large light-receiving angle can give versatility to the design of a projection 
optics system. This is because it is not necessary to arrange and carry out orientation of the polariscope by 
narrow light-receiving angle within the limits to the light source. 
[0041] 

Another desirable description of a polariscope is separating one component of polarization from other 
components effectively. This is called an extinction coefficient and is the ratio of the amount of the light of 
the polarization component of the request to the amount of the light of the polarization component which is 
not desirable. It is that a degree of freedom is in arrangement of the polariscope of an optical projection 
system, without reducing the effectiveness of a polariscope with other desirable descriptions, or preparing 
constraint of an addition to systems, such as orientation of a beam, in them. 
[0042] 

A conductive grid or a wire grid is used for another polarization technique. A wire grid polariscope is the 
assembly of the flat surface where the parallel electric conductor with die length far longer than width of 
face became at equal intervals, and spacing between electric conduction elements is shorter than the 
wavelength for highest frequency Mitsunari of an incident ray. This technique has succeeded in use for 
years to a radio frequency field and the infrared field of a spectrum. Reflecting the wave (S polarization) of 
polarization parallel to a conductor, the wave (P polarization) of rectangular polarization penetrates a grid. A 
wire grid polariscope is mainly used in the field of a radar, microwave, and infrared radiation. 
[0043] 

The wire grid polariscope technique was not used for comparatively short wavelength except for some cases 
in the visible wavelength range. For example, the wire grid polariscope of a visible spectrum is indicated in 
U.S. Pat. No. 6,288,840. A wire grid polariscope is embedded into ingredients, such as glass, and this is 
inserted between the 1 st layer of an ingredient, and the 2nd layer including the element of the shape of a 
long and slender array ****(ed) by being parallel. A long and slender element forms two or more gaps 
between elements, and this offers a refractive index smaller than the refractive index of the 1st layer. The 
array of an element interacts with the electromagnetic wave of a visible spectrum, reflects a great portion of 
light of the 1st polarization, and it is constituted so that a great portion of light of the 2nd polarization may 
be penetrated. An element has the period of less than 0.3 microns, and width of face of less than 0.15 
microns. 
[0044] 

Another case where a wire grid polariscope is used for polarization of a visible spectrum is indicated by U.S. 
Pat. No. 5,383,053. A wire grid polariscope is used for virtual image display, and reflection and 
transparency effectiveness are improved from the conventional beam splitter. A wire grid polariscope is 
used as a beam division element of polarization-on axis virtual image display. The extinction coefficient of a 
grid polariscope did not become a problem for this application. For this application, an image already 
polarizes and it is because only the comparatively high effectiveness of reflection and transparency was a 
problem. 
[0045] 

Lopez and others are the papers announced by Optical Letters (Vol.23, No. 20, pp. 1627- 1629), and explain 
use of the surface relief grid polarization similar to a wire grid technique. Lopez and others explain use of 
the grid polarization in the visible spectrum (output of 632. 8nm helium-Ne laser) as the quarter-wave length 
plate polariscope (the phase delay pi / 2) in vertical incidence, and a polarization beam splitter (PBS) of 
whenever [ 40-degree angle-of-incidence ]. Periods are [ 0.3 microns and the duty cycle of a polariscope ] 
50% of 1 -dimensional surface relief grids. The grid ingredient is inserted into Si3N4 (refractive index 2.20) 
two-layer in a melting Quartz substrate top in Si02 (refractive index 1.457) of a monolayer. 
[0046] 

However, use is not suggested to the wire grid polariscope technique in the ultraviolet-rays wavelength 
range, i.e., the range shorter than the visible-ray minimum wavelength of 400nm. As mentioned above, by 
development of the polariscope of ultraviolet rays, the resolution of a lithography projection system can be 
raised and the resolution of the lithography projection system which has high NA can be especially raised 
like [ in the case of being an immersion lithography system ]. 
[0047] 

Ferstl and others are the papers announced by SPIE (Vol.3879, Sept. 1999, pp. 138-1 46), and are indicating 
use of a "RF" grid as a polarization element. The binary grid with device size smaller than the lighting 
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wavelength which is 650nm is manufactured by the fine structure technique within Quartz glass combining 
continuous reactive ion etching in direct electron beam writing. At the polarization beam splitter, about 80% 
of diffraction efficiency was acquired by the 1st [ -] order of longitudinal direction electrical-and-electric- 
equipment TE polarization, and 90% of diffraction efficiency was acquired by zero-order [ of longitudinal 
direction MAG TM polarization ]. 
[0048] 

The polarization condition of a wave is defined by two parameters theta and phi, theta defines the relative 
magnitude for TE and TM wave Naganari here, and phi defines the relative phase. An incident wave can be 
expressed with the pair of the following formulas. 
ATE=costheta and ATM=ejphisintheta 
[0049] 

Therefore, in the case of phi= 0, the linearly polarized light of the wave is carried out at an include angle 
theta. In the case of theta=pi / 4, and phi=**pi/2, the circular polarization of light is acquired. TE 
polarization is expressed with theta= 0. A TM wave is expressed with theta=pi/2. TE and TM polarization 
are fundamental polarization components. 
[0050] 

Before progressing to the detail about a polarization system and a polarizing lens, it is wise to be the context 
of the application, that is, to consider polarization in the context of a lithography tool and an approach. 
[0051] 

Drawing 1 shows roughly the lithography projection equipment 1 by the operation gestalt of this invention. 
The radiation system Ex built and arranged so that equipment 1 may supply the projection beam PB of a 
radiation, In the case of this specification, this is equipped with the radiation source LA including IL. 
Further In order to hold Masks MA (reticle etc.), a mask holder is formed, and the 1st object table (mask 
table) MT connected to the 1st positioning device PM for positioning a mask correctly to the projection 
system PL is included. The 2nd object table WT connected to the 2nd positioning device PW which forms 
the substrate holder holding Substrates W (silicon wafer which carried out resist covering), and positions a 
substrate correctly to the projection system PL (substrate table). It is constituted and the projection systems 
("lens") (Mirror Group Newspapers etc.) PL are arranged so that the exposure part of Mask MA may be 
****(ed) into the target part C of Substrate W (for example, it has one or more dies). 
[0052] 

As this specification shows, equipment is a penetrable type (that is, it has a penetrable mask). However, a 
refraction type (it has a retractility mask) may be used generally, for example. Or the patterning device of 
another kind like programmable Miller Alley of a type which was mentioned above may be used for 
equipment. 
[0053] 

Sources LA (plasma source generated by discharge or laser) generate a radiation beam. This beam is 
supplied to lighting system (lighting system) IL, after crossing adjustment devices, such as direct or the 
beam dilator Ex. A lighting system IL may be equipped with an accommodation means AM to set up the 
outer diameter and/or bore range (for it to be called Exterior sigma and Interior sigma generally, 
respectively) of intensity distribution of a beam. Moreover, this is generally equipped with other 
components with various accumulation machines IN, Capacitors CO, etc. The beam PB which collides with 
Mask MA by this approach has desired intensity distribution in that cross section. 
[0054] 

About drawing 1 , although Source LA is good within housing of lithography (Source LA for example, it is 
often when it is mercury-vapor lamp like) projection equipment, it may be separated from lithography 
projection equipment, and the radiation beam which this generates may be drawn in equipment (with for 
example, suitable orientation Miller's assistance), in the case of the latter, it is alike occasionally, it is carried 
out, and Source LA is an excimer laser. This invention includes both these scenarios. 
[0055] 

Beam PB intersects after that the mask MA held on the mask table MT. If Mask MA is crossed, Beam PB 
will pass Lens PL and this will converge Beam PB on the target part C of Substrate W. It can be made to 
move correctly so that the substrate table WT may be positioned into the target part C from which the way 
of Beam PB differs with the help of the 2nd positioning device PW and the interferometer measurement 
means IF. After similarly using the 1st positioning device PM, for example, taking out Mask MA from a 
mask library mechanically, Mask MA can be correctly positioned to the way of Beam PB during a scan. 
Generally, actuation of the object tables MT and WT is realized by drawing 1 with the help of the long 
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stroke module (coarse positioning) which is not illustrated clearly and a short stroke module (detailed 
positioning). However, what is necessary is just to fix to this as the mask (scan step type equipment is 
difference) table MT is connected to a short stroke actuator in the case of a wafer stepper. Mask MA and 
Substrate W can be positioned using the mask alignment marks Ml and M2 and the substrate alignment 
marks PI and P2. 
[0056] 

The equipment of illustration can be used in the two different modes. In step mode, the mask table MT is 
fundamentally maintained by the quiescent state, is 1 time, that is, projects the whole mask image on the 
target part C with one a "flash plate." Next, the substrate table WT is shifted in X and/or the direction of Y 
so that a target part C which is different with Beam PB can be irradiated. 
[0057] 

In scan mode, although the same scenario is fundamentally applied, the given target part C is not exposed 
with one a "flash plate." The mask table MT can operate at a rate v in the given direction "the so-called 
scanning direction of Y", for example, the direction, therefore makes the projection beam PB scan a mask 
image instead. The substrate table WT moves to this direction or hard flow by rate V=Mv at coincidence at 
it and coincidence, and M is the scale factor (usually M= 1/4 or 1/5) of Lens PL here. The comparatively 
large target part C can be exposed without compromising resolution on this approach. 
[0058] 

TE polariscope is not used for the lens used for current and projection lithography. This has the linearly 
polarized light or the circular polarization of light. The polarization condition of the lithography tool 
currently used before this invention is a straight line, a round shape, or unpolarized light. The artificer 
judged that TM polarization needed to be controlled in the direction of a complete aircraft style, in order that 
resolution might be improved and NA might enable it to improve **** in NA with larger, high immersion 
lithography than 1 etc. Otherwise, loss of contrast will become excessive, so that it is enough to destroy 
**** which can be performed. 
[0059] 

in order to cancel TM polarization and to use only TE polarization by lithography projection, an artificer 
needs to lose TM polarization component alternatively, if a radial polariscope is used for a circle 
symmetrical lens — ****** wa s discovered. Manufacture of a radial polariscope is the same as that of it of 
the wire grid technique mentioned above. This is attained by manufacture of radial period metal wires, such 
as chromium embedded on a lens element or in the lens element or silver, a dielectric, or a multilayer. 
[0060] 

Drawing 2 A is the schematic drawing of the operation gestalt of the radial polariscope by this invention. 
The radial polariscope 20 has the periodic lattice 22 arranged by the pattern of the symmetry radial. The 
period of a grid can be chosen according to the wavelength of the specific radiation to be used, and the 
parameter of other requests. With this operation gestalt, a grid adheres on a substrate 24, and this is good 
with glass or other ingredients. A grid 22 is good with the ingredient of arbitration conductive on the 
wavelength of aluminum, chromium, silver, gold, or an electromagnetic radiation beam. A grid can also 
create inserting Si02 of a dielectric or a monolayer by Si3N4 two-layer in a melting Quartz substrate top 
etc. in the combination of multilayer structure. A grid 22 may be etched after the pattern imprinted to the 
substrate of GaAs using an electron beam. 
[0061] 

Drawing 2 B is the enlarged drawing of the grid 22 in the area 26 of a polariscope 20. As drawing 2 B 
shows, the grid 22 is combined so that the polarization effectiveness can change smoothly, in order to 
maintain the homogeneity of TE polarization reinforcement along with the diameter of a polariscope. 
[0062] 

Although the polariscope 22 is illustrated by drawing 2 A so that it may have a disk form, polygons, such as 

a rectangle and a hexagon, are sufficient as a polariscope 20. 

[0063] 

Drawing 3 is the expansion side elevation of another operation gestalt of a radial polariscope. the ingredient 
of the ingredient with which the radial polariscope 30 has the 1st refractive index which has the 1st layer of 
32 and the 2nd refractive index — 34 [ layer / 2nd ] is included. Two or more long and slender elements 36 
(or grid) periodically ****(ed) by the azimuth are arranged between 34 the 2nd layer with 32 the 1st layer. 
Interact with the electromagnetic wave of light or a radiation, and longitudinal direction electrical-and- 
electric-equipment TE polarization is made to penetrate, and two or more long and slender elements 36 
reflect, or absorb TM polarization. Two or more long and slender elements 36 can be created for example, 
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with diacid-ized silicon etc., and the 2nd layer can be created with the 1st and/or the ingredient of arbitration 
with which 32 and/or 34 are equipped with Quartz, silicon, a dioxide, silicon nitride, gallium arsenide, etc., 
or the ingredient which becomes a dielectric on the wavelength of an electromagnetic radiation beam. Like a 
former operation gestalt, spacing or the period between the long and slender elements 36 can be doubled 
with expected use of a polariscope, i.e., specific wavelength, and can be chosen according to other 
parameters of a lithography system. 
[0064] 

Similarly, although the polariscope 30 is illustrated by drawing 3 so that it may have a part of disk form and 
a disk form, a polariscope 30 may have a part of polygons, such as a rectangle and a hexagon, and a 
polygon. 
[0065] 

The polarization condition changes, therefore, as for the light which collides with polariscopes 20 and 30 by 
whenever [ incident angle / of a right angle ] mostly, the output of a transparency polarization condition is 
right-angled in the direction of the gridlines 22 and 36 of polariscopes 20 and 30. 
[0066] 

Drawing 4 is the vector diagram 40 which has the preferential polarization direction 41 and preferential 
output from the TE polariscope 20. Since the demand to TE polarization by the system with NA high on the 
edge of a pupil becomes large, an error and a defect can be enlarged toward the core of a polariscope. The 
coherent light illuminated through the line (line of a reticle image) of high density generates the 3rd 
diffraction. 42 becomes the location of the zero-order diffraction of a beam of light, and becomes the 
location of the primary [ +] each diffraction and -primary diffraction of a vertical line in 44 and 45. 46 and 
47 become the location of the primary [ +] each diffraction and -primary diffraction of a horizontal line. + 1 
and the 1st [ -] order are interference which generates a trough and a peak for the lighting which reaches a 
wafer. When using TE polarization, in both a vertical line and a horizontal line, an interference pattern is 
generated, high contrast is followed and the good resolution of a line is produced. 
[0067] 

In the case of the linearly polarized light, only one side becomes a clear interference pattern by high contrast 
among a vertical line or a horizontal line. The perpendicular or horizontal line of another side does not 
polarize correctly, but contrast becomes low, without forming an interference pattern. If the image of high 
contrast and low contrast is combined, a result will be averaged and the visibility or resolution of **** will 
fall by the whole pattern. In order to avoid the component which interference with a wafer is lost or becomes 
minute, the artificer used the radial TE polariscope which an interference pattern can produce in the 
direction of an azimuth of the arbitration of a lens. This is not applied to the circular polarization of light. 
Although each component is the combination of two straight-line rectangular cross polarization, and it 
rotates all over space, it is because it is thought that it is in the condition fixed as a ftinction of a location. 
Therefore, if the circular polarization of light is used, an interference line does not arise, consequently it is 
not suitable for high resolution **** of a lithography system. It is because the circular polarization of light 
changes to the linearly polarized light in respect of a wafer and this fault is mentioned above within this 
paragraph. 
[0068] 

With an immersion lithography system, i.e., a lithography system with high NA, since sufficient resolution 
to **** the line of high density is gained, use of TE polariscope may be needed. Drawing 5 shows the 
process window of the unpolarized light immersion lithography system of Example 1 for a comparison 
which **** the line of 50nm high density. The operating wavelength of this example is 193nm. The 
refractive index of the immersion fluid to be used is water (NA=1 .437) of 1 .437. The numerical aperture NA 
of air and equivalence is 1 .29. The resist used in this example is PAR710 which Sumitomo Corp. of Japan 
created, and is put on the substrate which matched. Lighting is annular [ of sigma=0.9/0.7 ]. Drawing 5 is a 
plot with the exposure latitude of Example 1 for a comparison, and the depth of focus. Exposure latitude 
[ in / in this plot / the depth of focus of 0.00 ] shows that it is about 5.6%, and this is unusable level. 
Exposure latitude falls farther and it becomes impossible for NA to use unpolarized light light for a high 
lithography system in other depth of focuses for this reason. 
[0069] 

Drawing 6 shows the process window of the 50nm high density line in TE polarization and immersion 
optical system by Example 1 of this invention. The wavelength used in this example is 193nm. The 
refractive index of the immersion fluid to be used is water (NA=1.437) of 1.437. A use resist is Par710 on 
the substrate which matched in this example. Lighting is annular [ of sigma=0.9/0.7 ]. Drawing 6 is a plot 
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with exposure tolerant generosity and the depth of focus. Exposure latitude [ in / in this plot / the depth of 
focus of 0.0 ] shows that it is about 9.9%, and this is usable level. Use of TE radial polarization system of 
Example 1 of this invention obtained the improvement of 75% of exposure latitude as compared with 
Example 1 for a comparison. In Example 1 of this invention, the improvement of 27% of DOF is gained as 
compared with Example 1 for a comparison. Therefore, improvement in a process window is attained by 
using TE polariscope of this invention. In other depth of focuses, exposure latitude decreases with the 
increment in the depth of focus. 
[0070] 

Drawing 7 is the schematic drawing of another operation gestalt of the radial polariscope by this invention. 
The radial TE polariscope 70 consists of two or more plate polariscopes. The radial polariscope 70 is created 
by cutting the plate polariscope 72 with which priority is given to the linearly polarized light. A plate 
polariscope is cut to plate sector 72 a-h, in order to create the polariscope of a circular piece. Next, plate 
sector 72 a-h is assembled and the radial polariscope 70 is formed. By having linearly polarized light vector 
condition 74 a-h, therefore collecting plate sector 72 a-h by this approach, straight-line vector polarization 
74 a-h rotates, and each plate sector 72 a-h forms a radial polarization configuration. However, since a plate 
sector is a discrete element, in order to acquire "continuous" TE radial polarization, it is desirable to rotate a 
polariscope 70, to randomize the difference of the optical path between plates, and to guarantee 
homogeneity. Although rotation of a polariscope is not required, depending on the case, this can apply 
homogeneity, and according to the rotational implementation approach, rotational speed can be chosen so 
that it may become a high speed in a low speed or an emergency very much. In order to perform such 
rotation, for example, an air bearing can be equipped with a polariscope 70. When it is the EUV lithography 
of a lithography system whose part is a vacuum at least, the alternative wearing approach can be offered. For 
example, the magnetic bearing system instead of an air bearing can be equipped with a polariscope 70. 
Rotational speed will govern the homogeneity of polarization. Generally, although the difference of the 
optical path between plates is randomized, rotational speed must be high enough, in order to guarantee 
homogeneity. 
[0071] 

Drawing 8 shows roughly the alternative implementation gestalt of the lithography system which uses the 
radial TE polariscope of this invention. As mentioned above, the lithography system 80 is equipped with 
lighting or the radiation system source 81, a mask or a reticle 82, the projection lens 82, a substrate or a 
wafer 84, and the radial TE polariscopes 20, 30, or 70. Although the radial TE polariscopes 20, 30, or 70 are 
illustrated with this operation gestalt so that it may be located in the inlet port of a projection lens, and it is 
optimal that it is near the pupil side, it is understood by this contractor that the radial polariscopes 20, 30, or 
70 can be arranged on the location of the arbitration of a projection lens or the outsides of a projection lens, 
such as between a reticle or a mask 82, and the projection lenses 83. 
[0072] 

The best performance of a radial polariscope is attained when a polariscope is an ideal polariscope which 
has a conductive grid (for example, a wire grid or a long and slender element) completely. In this situation, a 
radial polariscope functions as Miller who reflects completely the light of one polarization (for example, TM 
polarization), and it is completely transparent to the light of polarization (for example, TE polarization) of 
another side. Desired polarization (TE polarization) penetrates and the polarization (TM polarization) which 
is not desirable is reflected. 
[0073] 

However, if the radial polariscope K is arranged between a reticle 82 and the projection lens 83, the 
reflected light which has the polarization (TM polarization) which is not desirable, for example will return 
to a reticle 82. It collides, it reflects in a reticle 82 and the reflected light which has the polarization which is 
not desirable returns to a radial polariscope. In this process, the polarization of a part of light reflected by the 
reticle may change. For example, the polarization of light which the reticle 82 reflected can penetrate this 
part of the light which has TE polarization (secondary light) with a radial polariscope, if a part of light 
changes to TE polarization (desirable polarization) at least. It is because the radial polariscope is built so that 
the light which has TE polarization can be passed. Although this part of TE polarization has brightness 
lower than the light (primaryTE polarization) which has TE polarization which penetrated the radial 
polariscope first, it can pass a radial polariscope and, finally can reach a substrate 84. This reflex can change 
polarization on the way between radial polariscopes many times repeatedly. Thereby, the flare is generated 
in polarization. It is because secondaryTE polarization is added to TE polarization (primaryTE polarization) 
which crossed the radial polariscope first. Finally the polarization flare makes **** indistinct, therefore 
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reduces the resolution of****. 
[0074] 

In order to suppress to minimum possibility that the polarization flare will be generated in ****, the artificer 
judged that it could use for reducing the back reflection from a polariscope, and other bodies 82 of 
lithography equipment, for example, a reticle, when the electric conduction grid (for example, wire grid) of 
a radial polariscope was covered with the layer of a thin absorber. 
[0075] 

This absorber layer is covered with option by the grid 22 of the radial polariscope 20 shown by drawing 2 A 
with one operation gestalt. A grid 22 is good with the electric conduction element created in aluminum, 
chromium, silver, gold, or its combination. The layer of a thin absorber is good at the ingredient 203 
absorbed on the wavelength of the radiation to be used, for example, aluminum, and anodized aluminum. 
The layer of a thin absorber can also contain a compound with a low reflection factor. The suitable 
compound with a low reflection factor is good at BILATAL created in the process of Zeiss of Germany. 
There are A1N and CrOx (x is an integer) in other suitable low reflection factor compounds. 
[0076] 

By covering the grid 22 of a polariscope with the layer of a thin absorber, the amount in which a radial 
polariscope and the back reflection (secondaryTE polarization) from a reticle are absorbed by the film, and 
primaryTE polarization is absorbed by the layer of a thin absorber is the minimum. The light (secondaryTE 
polarization) of back reflection is brightness lower than primaryTE polarization, and this is because it is 
absorbed comparatively easily by the layer of a thin absorber. Since the extinction coefficient of a request of 
secondary back reflection TE polarization is attained, the thickness and/or the ingredient of an absorber 
layer can be chosen or adjusted. 
[0077] 

Although reference has been made with the above instantiation-operation gestalt about absorbing the back 
reflection generated between the radial polariscope and the reticle, please understand that the above is 
applied also in the case of back reflection which is generated between the objects of arbitration and radial 
polariscopes on the way of the reflected polarization. 
[0078] 

By using an absorption medium combining a radial polariscope, the above-mentioned process of deleting 
the polarization which is not desirable is useful for the **** application which uses a penetrable lithography 
tool, and the example is illustrated by drawing 1 . However, in the case of a reflexibility lithography tool, 
another configuration is used in order to delete the polarization which is not desirable. In reflexibility 
lithography, what is used for **** is the reflected polarization. Therefore, what it absorbs or is deleted is 
transmitted polarization which is not desirable. 
[0079] 

The schematic drawing of the polariscope which has an absorber by 1 operation gestalt of drawing 9 A this 
invention is shown. A polariscope 90 contains the polarization component 92 and an absorber 94. An 
absorber 94 is arranged behind the polarization component 92 to incident light 96. An absorber 94 can 
contact the tooth back of the polarization component 92, and directly, or can be slightly ****(ed) from the 
polariscope element 94. An absorber 94 contains the ingredient absorbed on the wavelength of the radiation 
to be used, i.e., the wavelength of incident light 96. Incident light 96 includes both polarization of TE 
component, and polarization of TM component. 
[0080] 

As mentioned above, in reflexibility lithography, the reflected polarization is used for **** and the 
transmitted polarization is penetrated. In this case, it reflects with the polarization component 92, for 
example, TE polarization component 97 (desirable polarization) penetrates TM polarization component 98 
(polarization which is not desirable) with the polarization component 92. 
[0081] 

Transmitted TM polarization may encounter other optical **** elements of an object, for example, 
lithography equipment, on the way. Therefore, back reflection of a part of TM polarization can be carried 
out to the polarization component 92. Since the part of this TM polarization is "transparence" to TM 
polarization, the polarization component 92 crosses the polarization component 92. Although this part of 
TM polarization has brightness lower than TE polarization (desirable polarization), it joins desirable TE 
polarization, it mixes with it, and the resolution of **** may be degraded. 
[0082] 

An absorber 94 is introduced into the optical path of the TM polarization 98 which is not desirable in order 
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to reduce the back reflection which may be produced from other optical elements of a lithography tool. By 
this approach, TM polarization is absorbed by the absorber 94 along with the thickness ta of an absorber 94, 
and does not reach the object of lithography equipment which reflects TM polarization. Moreover, even if 
TM polarization is not completely eliminated through the thickness ta of an absorber 94 at the 1 st path of 
light, the remaining part of the TM polarization 99 reflected by base 94B of an absorber 94 is absorbable 
through the thickness ta of an absorber 94 at the 2nd path. Therefore, with an absorber 94, TM polarization 
which is not desirable is absorbed twice and brings about rectangular absorption / quenching of TM 
polarization component. Quenching of TM polarization component can be strengthened by this. The 
thickness ta and/or the ingredient of an absorber can be chosen or adjusted so that desirable quenching of 
secondary back reflection TE polarization may be attained. 
[0083] 

With an alternative implementation gestalt, the polarization component 92 can be arranged in the crowning 
of the penetrable substrate instead of an absorber 94. When the polarization component 92 has been 
arranged in the crowning of a penetrable substrate, a quarter-wave length plate is arranged behind a 
substrate, and TM polarization which is not desirable is absorbed. With any operation gestalt, quenching of 
TM polarization component is attained by incorporating an absorber, and this is an absorptivity ingredient or 
a quarter-wave length plate. Furthermore, a quarter-wave length plate may be arranged between the 
polarization component 92 and an absorber 94. In this case, TM polarization which is not desirable 
encounters a quarter-wave length plate, and it becomes the circular polarization of light by passing a 
quarter-wave length plate. The greater part of this circular polarization of light is absorbed by the absorber 
94. However, when there is light which carries out back reflection on the front face of an absorber 94, this 
reflected light is sent to a quarter-wave length plate, and polarizes circularly again, therefore changes to TE 
polarization. Since the polarization component 92 reflects TE polarization, it reflects with the polarization 
component 92 and the light which passes a quarter-wave length plate twice is sent to an absorber 94. By this 
approach, this reflected light is absorbed twice by the absorber 94. This raises deletion or quenching of the 
polarization component which is not desirable, i.e., TM polarization. 
[0084] 

The polarization component 92 shown in drawing 9 A can have the structure of grid polariscope 92A as 
roughly shown by drawing 9 B, or the structure of ring polariscope 92B as roughly shown by drawing 9 C. 
Grid polariscope 92A is the same as that of the radial polariscope 20 shown by drawing 2 A, and is good. 
Grid polariscope 92 A has the periodic lattice 93 arranged by the pattern of the radial symmetry ****(ed) by 
the azimuth. The arrow head of the continuous line of drawing 9 B shows the configuration/the direction of 
TE polarization component, and the arrow head of a dotted line shows the configuration/the direction of TM 
polarization component. As mentioned above, the component polarization which has the direction of a right 
angle to a grid (a gridline or long and slender element) is penetrated, and a polarization component parallel 
to a gridline is reflected. Therefore, grid polariscope 92A is the polariscope which TM polarization reflects 
and TE polarization penetrates. Finally TE polarization is absorbed by the absorber 94 (it illustrates by 
drawing 9 A). In this case, the component used for **** is TM polarization component. However, this 
configuration of the absorption element 92 is rarely used with reflexibility lithography. 
[0085] 

On the other hand, the configuration of ring polariscope 92B shown in drawing 9 C is most used with 
reflexibility lithography. Ring polariscope 92B has a ring 95, and as inquired above, this can be arranged on 
an absorber 94 (it illustrates to drawing 9 A), or can be arranged on a penetrable substrate. A ring 95 is 
arranged on a concentric circle and ****(ed) periodically. The arrow head of the continuous line of drawing 
9 C is an example about the configuration/the direction of TE polarization component. A dotted line shows 
the configuration/the direction of TM polarization component. As mentioned above, the component 
polarization which has the direction of a right angle to the tangent of a right angle, i.e., a ring, in a grid is 
penetrated, and the polarization component which carries out a tangent to a ring is reflected. In this case, 
TM polarization penetrates and TE polarization reflects. Finally TM polarization is absorbed by the absorber 
94 (it illustrates by drawing 9 A). In this case, the component used for **** is TE polarization component. 
[0086] 

If drawing 10 is referred to, the device manufacture approach by this invention In order to give a pattern to 
the thing SI 10 to establish for the substrate partially covered in the layer of a radiosensitivity ingredient at 
least, the thing SI 20 established for a projection radiation beam using a radiation system, and the cross 
section of a projection beam, The thing SI 30 for which a patterning device is used, the thing SI 40 for which 
the radiation beam which carried out pattern formation is projected on the target part of the layer of a 
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radiosensitivity ingredient, and the thing SI 50 polarized in a radiation beam by longitudinal direction 

electrical-and-electric-equipment polarization are included. 

[0087] 

Drawing 1 1 is the schematic drawing of another operation gestalt of the polariscope 100 by this invention 
used in order to generate tangent polarization. It is known that polarization units, such as a beam division 
cube, will be used for the conventional polarization system. A beam division cube consists of one pair of 
fused silica precision rectangular prisms stuck carefully, in order to make distortion of a wave front into 
min. One oblique side of prism is covered with multilayer polarization beam splitter coatings (birefringence 
ingredient etc.) optimized according to specific wavelength. A beam splitter throws away the incident light 
of a certain amount, and the linearly polarized light of the light is carried out in one side of two branches at 
the outlet of a cube. Since conventionally prevents the difference of printing of a horizontal line and a 
vertical line, polarization becomes a round shape on the quarter-wave length plate in the pupil of a **** 
system. 
[0088] 

However, as mentioned above, the circular polarization of light consists of both fundamental polarization 
components TE and TM. According to this invention, the polariscope plate 102 is introduced into the pupil 
of a **** system equipped with the cube beam splitter 103. The plate polariscope 102 is equipped with two 
1/2-wave plates 104 A and 104B with 1 operation gestalt. The plate polariscope 102 polarizes, and makes the 
linearly polarized light the 1st s-polarized light SI and the 2nd s-polarized light S2, therefore the wave 
vector SI of the 1st s-polarized light and its wave vector S2 of the 2nd polarization are right-angled to 
mutual. A plate polariscope is arranged at the edge of the cube beam splitter 103, therefore one polarization 
direction is restricted only to two 1/4 parts of a pupil. This is not suitable for printing of a horizontal line. It 
is because polarization reaches a wafer as s-polarized light. In other two quadrants, about 1/2 wave of phase 
gap is introduced through a birefringence (less than 45 degrees). 90 degrees rotates and the polarization 
which is sagittal (sagital) also becomes a tangent. This is suitable for printing of a vertical line. That is, the 
1st s-polarized light SI is used, it is horizontal, a line is printed on a wafer, the 2nd s-polarized light S2 is 
used, it is perpendicular and a line is printed on a wafer. By this approach, S polarization or TE polarization 
is acquired about both a vertical line and a horizontal line. 
[0089] 

Furthermore, since much deformation and modification occur to this contractor easily, it is not desirable to 
restrict this invention to the exact structure and the actuation which were explained on these specifications. 
Furthermore, the process, the approach, and equipment of this invention have the inclination for a property 
to become complicated as well as the equipment of relation and the process which are used with a 
lithography technique, and in order to determine the suitable value of an operation parameter experientially 
or to reach the highest design for the application of arbitration, it practices the optimal by performing 
computer simulation in many cases. Therefore, it is considered that all suitable deformation and equivalents 
are the things included in the pneuma and the range of this invention. 
[Brief Description of the Drawings] 
[0090] 

[Drawin g 1] The lithography projection equipment by the operation gestalt of this invention is shown 
roughly. 

[Drawing 2 A] It is the schematic drawing of the radial polariscope by the operation gestalt of this invention. 

[Drawing 2 B] It is the enlarged drawing of the grid in the area of the polariscope shown by drawing 2 A. 
[Drawing 3] It is the expansion side elevation of the radial polariscope by another operation gestalt of this 
invention. 

[Drawing 4] It is the vector diagram showing the output and the desirable polarization direction of [ from TE 
polariscope by the operation gestalt shown by drawing 2 A and drawing 3 ]. 

[Drawing 5] It is a plot with the exposure latitude of Example 1 for a comparison, and the depth of focus. 
[Drawing 6] It is a plot with the exposure latitude of Example 1 of this invention, and the depth of focus. 
[Drawing 7] It is the schematic drawing of the radial polariscope by the alternative implementation gestalt of 
this invention. 

[Drawin g 8] The operation gestalt of the lithography system which uses the radial TE polariscope of this 
invention is shown roughly. 

[Drawing 9 A] The schematic drawing of the longitudinal direction polariscope which has the polarization 
component and absorber by another operation gestalt of this invention is shown. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/25/2006 



JP,2004-258670,A [DETAILED DESCRIPTION] Page 1 5 of 1 5 



[Drawing 9 B] The schematic drawing of the operation gestalt of the polarization component used with the 
polariscope of drawing 9 A is shown. 

[Drawing 9 C] The schematic drawing of another operation gestalt of the polarization component used for 
the polariscope of drawing 9 A is shown. 

[Drawing 10] It is a flow chart showing the device manufacture approach by this invention. 

[Drawing 1 1] It is the schematic drawing of another operation gestalt of the polariscope by this invention. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2 A] 




[Drawing 2 B] 
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[Drawing 3] 
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¥ff*iS«flS7t7SrinI^|5||EL, 7->*7;H)tis!c%)gs!ct«I)t^fvWX 0 
[Iff * J» 3 5 ] 

m IE 7 7 >V m 75 [6] 41 ft g§ #\ ffi 82 9 5? 7 >\> ffi 75 Ifil fig ft 88 fc «t o T @ £ £ tl tt M fc M L 
TBft4***f LTHI(Et5«t 5*!SSn, Ef S^S> Iff * JS 3 4 tc IB & <D =? V 
7;U«75ft«^figft§g-r/WX 0 
[ Iff * Jg 3 6 ] 
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c w * m. 3 7 ] 

C IB ;R Jl 3 8 ] 

-A • X 7" 'J >y * d ft 8g % 

m mm ft 7 U - h *< , M 13 * j. - f • lf-A-xr'Jy^aiJl£»©«ljapfcS!«*nT, 
JfflEMfflftfcail sffl«fcffi2sfflJti:KHi)tb, L o T M SB If! 1 s fil ft © i£ 
h ;!/ te cfc tf M IE « 2 ffl E ft L T * ft "T* * * » « * 

[ I S # 3H 3 9 ] 

mi IB mi sDt^ilLT, * ¥ * IrI T"> x m _t (c ffi. * 01 M L , mmm 2 s mKtt&m 

it, s a: is ft v o x j\ ± i« % en m t s , »*JB3 8KE*o»*iB)iesf/w^, 

[If *J1 4 0 ] 

i!u IB {I ft 3 > # - * > h ^ S 1 **tf!B2ai3tt***fc*«J»»lfci:*EfffflLT, 

m \ mft<DWLMm*izi$3LT k% ^ , S2<H*t<ottw«*:«i*±TiaiSLT* m e f& nx ** 

tf, 1»EWtt]R»tt©»fiTiRJKT.5«***^#, HEWfitf, f»ESi2ffltt<Ott#r«* 
C flff * JS 4 1 ] 

j»E«ftay#-*yh*', #ffiftT?El«aSftfc«»©»l«^K**fll*., huIBM© 

c m * m 4 2 ] 

iIE«SSco«l*^SJl5*^ ««tt»i»oa6ST*«1fPfeS, W # SI 4 1 fc IB « <D fii ft 
[W*«4 3 ] 

MES5l(Ifttf«7SftS&f[fiiftT';&*), WES2fflJt^«^FI^I««ffl3l£"P*S, W # JR 

4 otia«ofl)tsf/w^, 

[ m * JS 4 4 ] 

Bt IB (■ ft n > # - * > b , PiDR±fcE«*nfca»©U>y*ffllA, ISE'J > if tfi 
W*J»4 OfcE«<0<Ut8-r>W;*o 

[ W * JH 4 5 ] 

M IB ^ 1 fl ft « 7^ fa It M fl ft T & *K MEaS2ffift#«#iai«lKfflft'P;l5S, IS * Jg 
4 4KE«Ol)t»f/W7, 
[ If * 3S 4 6 ] 

c m * m 4 7 1 

««ttW«©«9E»ST?®«R"r*«lfE«fi*^- A 1 2 O 3 £ M 8Ht 7 <Q ^ /!✓ - 

[ 0 0 0 1 ] 

* 5g B£ ti ffi fa ft 3* fa ft tc , WKlS^BPftCJ V^^7^0fi«8BK:BB-r*o 

[ wssffi] 

[ 0 0 0 2 ] 
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•Jvy77^S»8ltt, ffll *. t£ & 81 m B (IC) ©Slififcffiffl-rscfctfTSS. c 
©J: 5 ^^->JBfiK#S«, ICOfl4«DMK:^je-r«EIIS^5i — >%£AL, 

C © * - > % , ( b ^ X h ) (DltSIL/cSfi ( 1/ V 3 > • *> x /n 

) ± © m « sp » (ffHAffio*fc«a»<o^^*ii*s) fcja«-rscfc^-e**. ml 

*W»««»»©^*v h "7 - * £ ^ tf 0 
[ 0 0 0 3 ] 

fflSBfc, COiKTfliffltSCkffT**. «LT, jfcfflllElSSSfcfiffi©^ 
[ 0 0 0 4 ] 

f • # 4 X 9 • # :/ £ # ty „ c<OJ:^!S:^X^«r]»#tlSe — ^KEHfSi: 

) 3; fc fi Jg W (JgJW1£vx*©ii£) tftts. v x ? © *t i§- , £lf#J>gtt*8£tevx* • 

r- - 7 /i/ t- & k> , cnciOTXj'SAWSWif-i.cBfactitKfiififps, m a k je 

UTtr-AKWLT»»T»*SCfc^«SESnS. 20 
[ 0 0 0 5 ] 

& 7 u f © - 0«J tt , ttWteiwaflfe.fctfEWttafflfcW'rsvMjy^x • 7 K u x « 5£ 

m m m. m t* & s , c©cfc?&=gB©7c£&&fcii«, w*tfs»tt*iB07 r Kux»jg* 

ft K « « * Sf/TTtt LTAW^^SIHv 7KU^fitStiftl>E«t(i^iJf)ttLT 
A»)t*S»t5Cfc"P«5. I«§7^;H%ffifflt§t, ^JB«3lfi*E»ir-i»*»6 
ISL, B«r)tO**atCi*iT*5, COSST, M - A ti V h U >y * X • 7 K U X 

[ 0 0 0 6 ] 

7 p y 7 v :/ ;l/ • - • 7 Is (DiXW^MBWite s ?8/hft5 7- (D-7 h 'J -y^XHtfiR 30 
{£ ffl L > # 3 ^ - tt , SffiftLfciS«Jft*!l*^*.5av S^Uffltli C t 

• 7 KUXl^BIffiTasO, lf;tfoT7KI/X|f?tlf;57-tt > ZFUXlf ?n 

y >y » x • 7 Kuxsswri57-o7 Ki^xji^^^-^tc^oT/^-y^^^n^ 
o f ij >y ^ x • 7 k uxtf a, mw * tt & m l r mm? z> c t w v z 

<S>o _taiLfc«tf2©;K7}T?, ;^-;yy'f/W^li« l o|ftaSH!oyDy777 
;!/ • 5^ - • ri^fSrilJtSCfctfT'^So *Wf!?fSt557 - • 7 \s 4 IC M t 5 

3¥Wfc««a, 0>ja.tfr#g«rK : 85. 296, 8 9i#*5j;tf*ffl«fifsi5, 523, 1 

9 S^feJltfllgP C TfifWtUI^ 9 8 / 3 8 5 9 7 f tic}:0'S 9 8 / 3 3 0 9 6 ^T'IR 40 
lt5:iff?S5, 7 p y 9 v 7 /I/ • 5 => - • 7 U -f © *§ £r , g tc *S U 

[ 0 0 0 7 ] 

> • x M X © 53U © m tt 7 P ? =7 V 7 ;U L C D Z IWT 5 <fc 3 o C © <£ 5 & «5 
Jg © — #J * H 4# ffF SIS 5 . 2 2 9, 8 7 2§-p4jtenTV^„ ±get|Blj|, C © « © 

£ # m jfi a » & s fc fs i; t b « r s ft ff rI m & y u - a $ a -r - y ji * if t nil 

[ 0 0 0 8 ] 

* « -T « «6 , *fSfflST(i<l ti«S> W j£ © IB W T , ?X**3 itfvx* • f-7" 
;l/ K HJ t> S fl»J «: «r tc » |6j -T S o L L , COJ:^ ft«^K«W«n«-IR«ltt, 1-X ± T- 50 
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[ 0 0 0 9 ] 

£ (D & 5 frmmitmn , V x /\ • X -r >y If n 5 o -flSfc^ttXx-v^stigBtnffi* 

niftSSIftt, ISIlf-AOTT'eiOllSlil ( r£ij #|fij) T'VX^ • /< * - 

C £lc £ 9 , grMW^ftlcMm-? So 1LT, ta&i'X^AtifgspM ( «te < 1 ) £ * "T 

Atf*J«fi:«tO*W«W«f«:ffl*ii*ns*BWI i l : «6. 0 4 6, 7 9 2 f fl5 C i*'T- 
[0010] 

o <: <D M X x <y 7 <£> SUc , S«fc:tt7'5'f5:/^, 1/>7X HlfciD'V 7 h • ^-^ 
&ifcD«*&^|li£||j5SL-CJ:^ 0 »«Lft1fac«tl}^-i' (PE 

b ) , mm, >s - k • ^ - * & j; tf fflij ^ / m * * if „ fflj © ¥ m * #i -r a c t # t* t? a . 

C»-lO¥iB, £ If I C * if , -r / W X CD ffl *r CD € IC *Z — V © ffi. f Z> tz tb <D * - 20 
XHTffifflt^, iKD&vtz^f-yBf&Lrzmit, X. ic x. v =f- y t>\ -i- * > i£ A ( F 
- tf > ^ ) , ^^^-f-tf-v/ 3 >> Bft -fb . «MW0F£ftif©«'«rfc:/n-bX&3i«i 
tSCitftf*, iine>ti^T, I«Ol*fl:l»f4J:5IBShT^S, ft A & K ft 

« ^ « , ?it»$ftii*o8»sifL^iiri:Ksai/4ttntf4 6r, » * s fa fc * 

*&J1<D;J- — (MB) RlflBfclBDiEttfclSfTTS,, <D fz it) lc . <?x/n©10 

* ti « ft <D ffi S (c /h £ ^ » *P v - * £ & if , Lfc**oT*x^±fc/S«3R©iejS*iii:£ 
t5. 7tt*fe«ktf« : ff s /WX«:a«i*;l'^<OttllSlJi>S« (KTf r 7 v -f * ^ r- • > 

c£ov-^^sbb«l, 7 ? * * > bmm t Lx&m-t & c two* %o mmwic 7 u 
^«of/uxtfii (^x/n) ±(c#ai-a 0 SKLn^of/w^*, z^i/yy*. 30 

l± V - ^ > y & H O a fffi (£ ± o T ffl 2 6 # 81 L , C C?IB<rOf/WX4tt U 7* ± 
icmm Lfz 0 > If VKSttLftO t5t LOi^^n-bXKltSJ^i 
•§>W$gt±^ #Jptf±"Peter van Zant^cQ TMicrochip Fabrication: A Practical Guide to 
Semiconductor ProcessingJ 3 fig (McGraw Hill Publishing Co., 1997. ISBN 0-07-067 

250-4) £ ^ -5 m m e> m m r a c ttfTt^. 

[001 1 ] 

# ijsE tc IT 3 ft & , figi/Xf A^CtiKS ri/>Xj i:Pf-^o L L C <D ffl t§ « , 00 * 

T» * , COi^^^-^VKi, W T T? id W * fc t± m m v ruyxj £ fc "f c 
t tff !?§o S 6 K » 'Jyf?7^Sltt, 2O«±(0SSf-7*/l/ ( *5 d; tf / * « 2 
d«lO?X7 -f-7;l/) 4ft5M^Tt<t:^, ccOck^^ r m ft X -r - V j Ox 
/W7ffi, il ijp -r - -7" /I/ % ¥ fir L T ffi ffl r a , n$fttt)!SOf-7';l'?^|x 
f^**iL4il l 5, l-3^/cti}«ftc0T--y>'U^®5 , ctC<£ffl-ra o rlxf-f • U 
yy77-ffiili, «itf*i»8TS 5, 969. 4 4 1 f 6J;(fi 6, 262. 796 

[0012] 

'J V7"77-f T-HtL^'y-^feitf^tttfi^sns I C & if © -r -f X ± i\ z 

-yBtftzn&ffiB mm (Dmmmw&mz ns. ^ ^ y v y 9 7 -f o v - ;u i; ^ m it , «c 50 



(8) JP 2004-258670 A 2004.9.16 

mZtimtf, i^KJ;^TIi5 0 nm*»<D*ifiK$TiS;6. Ctllt, tt & tfl ffi V* ffl P 
ft ( N A ) © U > X (0. 7 5 N A Jtf ± ) % 1 5 7nmLfrftV>i£«s *5 <fc D" ft tB 1* tl ^ 
X * , fig * <h tt m ft •§> BB Hi *3 J; 0= it ^ L 7 * h U *J X h • 7 n -b X ft E © *5 t£ L, l> 

COO 1 3 ] 

c^dcdft&fij; o /h £ ^ is # jg t © m 7 n ^ x ^ $ % £ ^ ;§> a , is £ m n ft « 8i 
m -r & &g „ * fc « if m *r m ft u v y v 7 ■< © & m * *> * a -r u ^ * t* a m m. m % « *n 

5 * § ftE 73 * f iJ ffl -r 3 o 

[0014] 

LT^fc„ #«fi*Jj:tf)fc;£8Sfi (DOF) iiTi^Ci^t^x^nSo 
8¥ {#! JS = k , (A/NA) 
te <fc 0= 

DOF = k 2 (A/NA 2 ) 

ilCfnilfl^V-XOiST'fe^ k , *5 «fc IS k 2 « m j£ © U V y 5 7 -r • 7 o -fe X CO 5£ 
[0015] 

[IS 1 ] 

I (r, Zo) = £ / dp J(Po) | FT {O(p-po) Pi(p) Fi(p,z) H(p,Zo) 

1 a ■ 



[0016] 

C C T*t I li, 7* H/^Xhft20fiiS07^1/i'eii, (41 r (DiStfeO, ffi 1c © 

IB i © ^ W- T? * S . # « , J!CJ:ot£i^ti/:y-Xc0^ft(ct)/coTit7?ns„ 
77^-yhrt©7-U^^«> miHX> £ left If SW^tftfJ^^-T o 

©flti^n^n, l/f *;l/.;^->fl)*?j;x>h - X^*h*0 ( <I ft (W ft P , 7 -c 
;l/ A © M S( F , 
[0017] 

is ^ n a © a m « , * s w k a « « ss * t>* m m m m tc m m n # <=> n 

, CC1f7*hUJ'^h ^-f^itfRiRTS/W-SAtftife^*, « IS W K S£ ft S 
tSCtA'T'SS. 7^-hU^Xh ■7i';l/A±©AWffliStfCJ;»5©iJX^nS/^7 — ti, 
7-1' ;U A © 8! & (c W ft R ft fc it #J T 5 0 
[0018] 

2 0 0 2 7B*63fl 3 B £#8 A "J 7 * /P-7«l* > * * 7 7 "PBIIIS tlft 

5^2 5[HAnnual International Symposium on Microl ithography (SPIE)t 5 TOptical Lit 
hography into the Millennium: Sensitivity to Aberrations, Vibrations and Polariz 
ationj tl/^SIt'^g^n/cDonis G. F 1 agel lo* © ffi © ffl ^ (4 , 2 O © It £ t 2> M 9t 
(«73fa*5ia^TE*J«fctf«73ln]««<BftTM) tfi ft 0> N A T' R ft 2 5%©/^7-£<L 

T?ft5. LfrL, SlOfflflfnv^^ (PSM) «/J>? ^9^f 0 , C 

[00 1 9 ] 
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fn?x^ (psm) Toffi*Lftii^ifcii?si#f tfesctt^L, c n a , x> t 

(O m $ 7 x /n • U^;^2*t-AOTi%l*WC4^L, ^oy-X«<l^<D^ 

**«^: K-rs«ifij^a&scfctcj:^TBiwsnr ffij a «(j±«wffivo o. 8 5 

fc^^llPa^IjfiL, 3R«EWI®flTj-ffiCDKS*3%*Mt<:»JI8Li''cV^li-&, 

u i oftKWBLfttfntfasa^. ps n ffi c d a , mioi/m, tfcaf/wxoi 

3fi £> 1/ ^ T hJ Its ft 2 ^ IS fIS] © JB 4^ III Pfi T? 35 5 0 5/ 5 a U - 3 > M U , Qt^SlU^ 

;i/fe«fctfsij»=F»*^ ffl ye © 5a * % 'J> ? < t 1 * s c *> ^ -r 0 cnu, se^ojsaw&fijffl 

[ 0 0 2 0 ] 10 
[ 0 0 2 1 ] 

r w # a « j £ «t n 3 a? m ft ± & a* (ret) <d a a tc «t t> , c u - if 

) SfciJ'7Xi'K{R?;iIt5Li:%<, 1 5 7 nm©**y y^57^tf 7 0 nmi D 
+ # T ^ , «^(CJ:oTli5 0 nm*SS'\ttj;3lt5iii*t*5, 2 0 0 1 *1 1/1 
2 R <D ] . Vac. Sci. Technology B19(6)T?2i§ £ tl/c r Immersion Lithography at 157 n 
mj fcl^-SSIBOM. Switkes^cDfttnc «fc 5 Vfr a — -fe <y y I f4 * 3* ( M I T) <D K X 
<fc & i: , St f* » » 8 ffi « , @ £ ft til (EUV) feitf«ffiR'jyy77-f (EPL) ft 20 
if <D & Ut ft 'J V y =7 7 4 ( N G L ) <D & g ti £ fj ioffi-?i>im&tf& So ft f* fi M & ffi tt , 
ftf»K6J:tf UfXhSUfflLT, (WM%ft±£-t±So Sl'J Vy77^li, 11? 
ri«?KcDjaflT^cDF^p^^^-rSS^7 , e¥>'X7 L AcD«¥#JK^±tfSC: ttfftS. FID 
aNAti/iUOlJrlnc, 7 x ( N A = n s i n 0) ©jSlifiRKlKJfcfSJfcora 

, »#fi^±(f^C ( » « JSC = k , ( A / N A ) <D 5* £r # M ) . Lfr ±jzS 

L ft J; 9 tc , NA^Jft<ftSi:, U V ^ 9 7 -< • 7 - ;U co ift {§ ft ic ft t 3 i± ffi ® tb X 

[ fg m <o m ^ ] 

[ai^»RL<t5 30 
[ 0 0 2 2 ] 

^lflSTf^ltSttflClli, S2§}f$*tt5ttfiOi2i, *5 J: tf 7? fit fk V 

[IS®^ft?J*-r?»fci6cD^|g] 
[ 0 0 2 3 ] 

-oonasmai-eti, siatir$ttS2itff$tiLi\ mvnm&m-ute, m m. <o m 

[ 0 0 2 4 ] 

f^Ux*^«t§c i:*^ *56WOgiJ<0««-p*S. ItScDgSlStijaJWWKIWIlSftT 

m2fSrt<D«{#t^tO(${?±T^jS^-ri.o 
[ 0 0 2 5 ] 

*&W(D&ffi&MT° « , 8Mffl}t{i«73ia]«*ia.7fc ( T M ) ? & 9, m2(i7 1 d««73(6] 50 
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mac (te) fa ft t& &o m$i<DM&^&mi&, mz.&T/is. *pa* mis &v&t*b 
it^cttft'ts, istt^a, m i£ * * - y ( = iita«) , it ft u n > , g ft 

^ya>, *f y «> A flt * , ««*r£k feitffoffl^tfj;^. 

[ 0 0 2 6 ] 

*ftw<Dm<z>nmBmT-i&. 9 v t >\< m ^ a « ss fi" ft §§ « , fi « se « t* s e> mx ** 

£n& 0 C<D7jffiT-, (RiRttWSOW m2fift(DMii0tW«i©fift7^7' ( «) 5 

f) *air»MT5c t!!CT*5, io 

[ 0 0 2 7 ] 

"RiR{*fc£^tyffift«7 ? /W;**il#-r3cfcT*&So fi ft n y # - * > Mi , SifeJ; 

« » « , tB2«ft<D«attt*«Jr£T!RlK-r.&. <I ft ft , S»^7"0'jyy77-fS 
[ 0 0 2 8 ] 

-•onmrnmrnv it . m ft a > # - * > h it , #ttftTEiRi£ft;fctt»©*Bfi^Kjis* 

« , tsy * a as » <w n <o ft t- « n tt t? & o r £ ^ „ ct^w^sis^^t«, sg 1 fi ft « «s 
^riRifittStfift-ea&t), s*2fflftti«#fa*«fflft-efcs. 

[ 0 0 2 9 ] 

sij <d m m & m t* « , Dtay*-*^ H4, pi^tticEisnTuwwKRiiisnfta 
aou y^*«tf, flfl^w^]»jg®T?ti, siosftaflttfflWftUHft-ca&o, fg 2 d ft ti 

[ 0 0 3 0 ] 

#«W©»J©aS«f<:«fc3i:, U yy77^K8g^Ii2n, ^Hti, & » » it ia tf 
-i,^I«t§<t?«i2n> filJtiftRWiJ'^fii:, /^-i^^-f/WX* 

3 « IBS ft, EBSftfcilftSf/WXfcfcS-ty. 
[ 0 0 3 1 ] 

-i»*i)tt5c t^ttff^uxfiisii^iittsn^, * m <o <* z ic su <r> m m « 

[ 0 0 3 2 ] 40 

CCD<fc'5&^gte > ffe <D ^ < <D ffl 3fi # rT m V tb Z £ t * 91 ^ W fc S » * ft fc ^ . 0J «\ 
**ft^^xxA, asc K -.**y<D3grt:fe«fctftttfl iSaS'U/i', 

[ 0 0 3 3 ] 

5. 248, 1 93, 1 5 7 Sfcli 1 2 6 nm) feitf E U V (iiJI.^, ixtf 5-2 50 
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^e-A©j;?ft;|ii^tr-A;£^tyc}:?<£ffl£ft3o 
[ 0 0 3 4 ] 

* ?g B£ © W ± J; © flJl <75 @ W ti , * II B£ © £ ft iff * L^«^«SI««»EI8t«tt 
T © §¥ ffl & §tf BS % , *WHBifc©HaT**-*-*Cfcfc,fc?K «6fcWSK:40, J^C 

[ 0 0 3 5 ] 

ft -r & tc ti , i*Nic4-3©ai*^5. i ooftfiii, «awsfc«2««fiKS-3< 10 

c H! 2 © & ffi ti , r#5nYKj *if02fe1±tt»©fiefflK:StJ<o SS3©ttttrH:W«l« 
ffi «■ ffi ffl L , -7Jl-X2-%)$k*mm?Zo S4©aitt, • -y K$/i(iil 

14 7 tc S -5 < o 
[ 0 0 3 6 ] 

fflMttMiigfflLTft£{Sft-t£c:<t«, «JB«rffift»©£iST*»i&ftT^So JfiH 

«f fiB ft 88 ti , £<©l3Jifc«fctfW£©j£fl»#y^;fr&fcftJ«TSCfc#TS.&. IflKrtt 
mm&> ft©&fitcfti^1fr 3 0 i#f$Oi^gfflLT, 10©E*!|fiift©e-A;&Bi] 

«fnt»iti. *g ® #hi ft 88 © m ti , # * , astctt#-r*ttfi6*w«fcu. & 
fitcsipsnfcjt^^Bfc^-So :n6oi^n>6, m m in m ft 88 u > jtfisiv^fL 20 
t- « - jk tc ffi ffl * n 4 1^ o 

[ 0 0 3 7 ] 

2 fe 14 n ft 88 ti , -Ttfcofiift^ML, m?; *mm? & £ ? mtf ■$ tircmftrnx- $> & o 

*t-aa&^{c^ffl$n^2fettfIJt8S(i^ *0»?*Elnl-rsJ:diSfl«L» # ? - # I&1 

© 11 ft * <r nx t 3 «t o , a»>**i«fci;/*fc«ffi©«»sfc{i{t*i*K-pjiaa*nfeJi«'j 

v--y-ht?|«?n5„ 8tt^'J7ffl)tjgl4. -?3©fiift©5iilS£gl$i:, SiiL^ffift 

5o8, jfe##yv#»©fl:*aMfc*f§»L, ^ © is n , tt«*«afi<a§i!i\ ag p tc « 

S & T & S o 2 fe 14 fS ft 88 ti , 3»feJ:t/fl!lOW«EWafbKfctSt«5-pa&S. 

[ 0 0 3 8 ] 30 

£ © 1 O ^ 19 tC . J^Jl*yv-5/-h*«S«fcLfcffl)fcS"r/WXtfM»£ttfc. C 
©8E#$/-Mi-J*©fflft*KafL, ffi7^*31^^-li§ 0 C © fif ft 88 & ffi © - o © F«1 B fi 

ft 88 ^ l © m » m & tc a + # X- & ^ . c © * y © fig ft 88 > ± m l fc as it w n n a* e> t 
ta * s n 3 o 

[ 0 0 3 9 ] 

« H fil ft 88 M ti , ft 5 X , 77X^-y*ft£©<fc?&«¥4£D3tffitc7;U-X*-ftjB 
(ft4 5° ) TA«^Sft«tf2T3©«fttr — Afc#MSft % - 75 ti 3S 3® L T , AS ?3 ti K 

m-r&y^-xz-zhmzi&m-rzo u ^ l , mmmft^&ffiiz. ftmAM<Dftmmmtt 

flPJK-r*. WSftfiKHtt* ^a5^©7 f yWXTlSjei:^^{c$(5<SiJ|5g$nSo rWUfiift 40 
Sg S ffi ti , X»ft©KStc*frsr;l/-x*-ftH[©tt#tt©fc46, KS©«S#tt»cfctBi 

$ £ ft 3 o 

[ 0 0 4 0 ] 

filftft^©j£ffl£^&H{i?«:fei/X-rAT*ti, tT - A # BH £> t> 77 *^ tc S * L V> 0 fil ft 
e-A<Dffjj^i£<©SiSStc,fco-ti*St<*ft, gjR©-o«ftWg{*-e&So fil ft 83 H 
ffl f S ~> X f- A © gU co S M ti , § ft ft T- <& £ o * ft ti ft'J PS S ft /£ (1 ft 88 ti 

ft ft s ^ fii ft 88 ti , &m?tmi' xt- L.v>mmicf&mft*&fc-& z> £ t&v z %>o £n 

ti, fiift8§^> «SKSLT»i'S}ltft*lrt7EIL, BBlfiJ-r S*g^4^i!)^TS« 
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[ 0 0 4 1 ] 

cnttjfijifisrstpfam, s*L<fc^fflfti£#<Dft©«fctt*-sms<offlftf8# 

©ft®«©J**"C&So ffi©S*LV>Watu«, (Iftgg<D^sp;&fgT£-l±fcO, t? - A co 
E fa & H , '>^f-Afc:iiig©»JW*»tJ-fcO-rsci:a:<, ft3*Mv'X7 i Aco{Iftggco 

[ 0 0 4 2 ] 

»'j co d ft a tfi « , w « it » ? * tt tt 7 -c • 9 y -y k * « ffl r * . •7 1'* • yg -y fa 

ft H tt , S * ^ « £ 0 tt 3 2MC 5 ^ ¥ fr * * SI m f* # «S ID M & o fc ¥ S <0 7 -b > 7" U T* 

*) , Wtt£XIBI<Dll9ffitts AStft«©aSSJSI««ftiS#<OiSS«fc0>S^ o ccOSffitt, 10 
ft tt Ji & 8t IB &L tsJ;t;x^^h;K0^ni^^«2*T^ S¥«ffltisaLT*fe, * f* fc 
¥ fir * « ft © » ( S II ft ) ttg»L, KSfaftOffi (Pflft) tt 9 U -y F £ jB ii f 5 . 7 

-f * • y y -y F fa ft gg tt , ± ic b - y , v^^Dgfeitf^iicD^gffffl^i. 

[ 0 0 4 3 ] 

•7 • y y -y f ii ft gg a m it , bt«^sseht-o^o^(d^^^i^#, jt « « js <^ « 

SCtt««?nTC4*oft, 09 A tt , * B # fF HI 6 , 2 8 8. 8 4 0 *f T* tt , WfSX^ 

* ^ ;i/ co 7 ^ • $r y *y f m ft gg # m ^ £ n r ^ * , 7 ■< -v • y y -y f fa ft gg tt , # 5 x 
siBi»2ioiaiL«[ShT^5, m s ^ s us tt > mmr3icm$i<D# * v yzftzm.L, 

flitfflll^fflLT, Slfflft©ft**:»»SWL, SIZfiftOftfclfcSBttaiS'rSJ: 
S iR tt , 0. 3 = 7av*jfi&co/S#K £ l>* 0 . l 5 5^p>*iScoit>I£- 

[ 0 0 4 4 ] 

7 -r -v • y y *y f a ft g§ * «i « x ^ * k ;i/ <o <i ft tc & « -r 5 sij <o « 3- & , ^ikufss 

. 383, 0 5 3 f TW^SnTl/^, 7-f t • f'J y FI«»4, £&Bft£^fCffiffl 

lt, vt. m <d tr - a • x 7 y >y * <£ o sif^j; tfijisaf s» 7 -< • 9 y «y f 

«i ft gg tt , ««±iHftffi2gm«a^<Dtr-A»siJB3i5fcL.Tffiffl«nSo y y y F {f ft gg 
co ft m tt , c©fflJftTttBHHK:*6.*^ofeo c co ffl i£ T- tt , B « ic im ft « n , S 

[ 0 0 4 5 ] 

Lope z COft&tt , Optical Letters (Vol . 23. No. 20, pp. 1627 - 1629) fHIL 
fc » £ T* , 7 -C -V • y 'J «y F a ffi (tt fc g B U 'J - 7 tS ? OS ft « ffi ffl fC O ^ T IK L T ^ 

§0 Lopez f <Dffi(i> mw.AMT-(D \ / 4mm7is- a&mwm n / 2) t 

LT, fcJcOMO 0 co A #t ft JS T- co fa ft tf — A • X 7* >J «y ^ (PBS) t LTCOBJIX^ 
(632. 8 nmT'©He-NeU-f©HiA) (Cfctt^tS^fSftcoffiffl^rifiB^L 
T 1/^ 5 o H ft gg tt , ^IW^O. 3?^a>, fa-f-f • U-'T 7^1/^ 5 0 %© 1 ^Sgl 
uy-7ffi?Tf«S. ^^«5f4tt, ¥«coS i 0 2 ( JB #f ^ 1 . 4 5 7) ® M Z * - V 
S«±-c?2«COS i 3 N 4 ( m tfr ^ 2 . 2 0) lC»JtlT^5, 
[ 0 0 4 6 ] 40 
L L , 7 -V • y 'J «y F (1 ft gg a m tt , ^^^^SSEH, O$ 9 4 0 0 nmOpJI^ 
ITH»fiJ:DS^I!BT8fl!ffl*i>»SnT^fl:^. ± L «fe 3 tc , ^y1-i^co®7tgg 

co m & ic a o , u yy7 7-fS»->xf i««is?:iif§ci:tfT'!f, wtaaiyyy 

77^ • ->Xri,0«^OJ:^(c, N A 5 U V ^ 7 7 ^ SB-y^fiOfSSfi 

[ 0 0 4 7 ] 

F e r s t 1 ^coftlltt, S P I E (Vol. 3879, Sept. 1999, pp.138 - 146) T* ft U L 

tcmsc-v. fifts*i:L,T rsisjsiMj tt^ottfflimsLT^i. it^-fXtfeson 
m © fig ^ & ft j; »3 ,h $ ^ 2 a ts ^ *^ , n-7 • #7xi*)T\ mmmm&ffiic & o . is 
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tlTl^So (I ft If - A • X 7 U -y # T* « , «§ 7? fa « ft T E d ft <D - 1 & T 8 0 % © ® iff 

Zhmtfi, «75riRiK«TMfflft<oo^T9 o%<o@tf?a$^Ii?nfco 

[ 0 0 4 8 ] 

M <D fffl ft S ^ 20©^7^-^8te<ktf*lLj:-3TfiSn> C C 7 6 liT E feJ: 

A TE =cosflfcJ:y*A T ,= e J< ' s i n 0 
[ 0 0 4 9 ] 

LfttfoT, * = 0 <Z> * ^ iSliftfieT'EIDt^nS. R H ft (i ^ 0 = /r / 4 *5 £ 

zf $ = ± n / 2 <d m & mm % ft z> o TEia»(i0 = oT?sjn*, TM$«e = n/ 2 10 

Ti?n§. T Efe<j;D*TMl^tt, S^W&filftJS^T&So 
[ 0 0 5 0 ] 

[ 0 0 5 1 ] 

»l*i»<Bfi:!efcr-APB*«)|&?-«<fc-5«3S£tt, EIStifcttltI->XfAE x, IL 

# # , <:ntic(0^so«^t*a«!W*lv-x l a fei>i, $ e> k: , tx^ma ( u 

*S»t4fc»E'7^> • tw^Sfitf, 8 15 i-" X r- A P L iC M L T V X * * 
- 7 ;l/ ( V X * • f- - 7 )\> ) MT?;ttfo SffiW (U^7h81LftJ/'j3> - 

if) * u n t z> m « * ;u * % m »* , ««'>xf i APLtci*LTa«*iE»f«:ffiBi*i6"rs 

»2ffil»)6f/W^PWK8ilShftl2t7i'in • -r - 7 /I/ (Ifif-/^) W 
T„ )§«->XTi ( ri/yXj ) PL (57--y;l/-7&£) « , VX^MACDMS? 
7>£S«W<DHftgfl#C (W*tiriO$;fett1SS<D*V*ffl!a.;5) KI«t5J:5i)SS 

[ 0 0 5 2 ] 

, iaL/ci^^^^yo^Dy^?^^ • >7- • T l"f OJ; r> & ?i <D * - r. > r7" 30 
[ 0 0 5 3 ] 

V — XL A (MLM * fc « U - -9" T- * file -T £ 7 5 X V • V - X & if ) 

-r s 0 coii-i*, is & * sfe«w*tftr-Ajt?B»Ex*i;owsE*ia*«WLfc 
t£ , M^^fi (ing§) i l k s . msii l « , e-Ao?sja^^©^ 
Sfccttf/sfctirtMH (-»fc*nf f tin95o*5«tt;rtasoi:i«f*) * fa £ -r & na sp 

a^rftflloaj/^-^yhtiilS, C 7? }£ T* , ^ M A Cf^t I. e-A P Bli^ 

[0054] 40 

El 1 fc HB L T , V — XL A {± , ( y - X L A 0IJ * fc? 7j< ffi *T <D ® & IC <fc < & 3 «fc 3 fc ) 

y y y ^ y -r ta u & fi <o /\ v v y y n v * ^ w > u yy77^s»8i*5tnT^Tt. 

<k < , ctitft«t5M8H-A^ (M^fcfig^&BElpJ^v-OKjtt-Z?) g B F*9 K m ^ 

t t> j; v> o mm com ^ a . a « i; l t , y - x l a & x * v • u-f t^s, # ?g w « 

[ 0 0 5 5 ] 

t-L P Bli?-©^, • f-7^MTllcei?n/cVX7MAiJit5 0 V 

X^MA*lW5t, t-AP BBU^XP L^IiSL, cnttt-AP B^S«W(Oi 

WffiftClcMM-t&o S2ffili*46f/WXPWfcJ;D" : Fi$ItIf ¥S I F co Si tffc J; 9 

> »«-7--7rt>WT*, 0ll*tfe-APB<0B&©SftS«Wa5#Cfc<&fii*ii>-rS«J:3, 50 
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lEMfcgpgfts-escfctf-esrs. m m tc > s 1 fflittfef/w^ PM*«fflLr, flu * «* 

VX^ • 7^77'J*^vX^MA^ittWlClOlliL/cft, f: tt j£ £ * , £ - A P 
BOBtc*fUTvx^MA%iEStfcfflHi*i6 , r*C4:^-C#« 0 1gf L T > * 7 S> x $ Y • 
f-7*MT, WKOiffli, B 1 Cttfl/TWKH^Sftt^ft^S^ ho-*'- ti^a 
- ;!/ ( II i/Mfi B 8t 46 ) fcitfiixhn-i' • ( ft ffl (S R ft a6 ) © IS tt «fc 9 £ 

■T-7*MT4SXhD-J • 7 ? ^ a X - * fc || T £ fc , SftttcnClStn 
tfcfcl/^ Y7^M AfcitflfiWti, TX^-T^-r^>h-T — ^M h M 2 *5 <fc g « 
7 =7 4 * y V ■7-i'P,. PjSttfflLTffiiftfttSCifllTtS. 

[ 0 0 5 6 ] 

r 7 7 y •> a j TWwaB^cfcaiB-rao * k , e-APBTgft««wa5#c*j!B 

[ 0 0 5 7 ] 

ist-KT'ii, s^Wterau^^u^A^aTttss*^ 1 o © r 7 9 v -> a j v m # 
©«wap#c*itttLfti^„ ft t> 0 »c , vx^-f--^/i/MT«iifiv-em#<JD35ri6i 

t> «> S r £ « 7? IrJ J , 0IJ A If Y 77 A ) (C » BJ m T & K> , Lft^oTSie-AP BKV 
X^l|^^l?*5 0 ^tltiai^fca^-r-^^WT^iiJKV = M v TlRl73(p]*fcfi^73 
fa tc |BJ B$ K # » I, , CCTMttl/yXP LOffl* (iimt±M = 1/43; fcU: 1/5) T'fe 

[ 0 0 5 8 ] 

iiTtSfctiRd^^Wt-^o *^iJ:0mltfffl?nT^S'J vt*77i' • v - ;i/© « jte 

« t» a , in, P3 0 £ ft (i # a ?t v tb z o ft mm it. mm&tt&m l , naj^uo** 

l/Mfi M U yy7 7^iif(Oil^N A7©I«*a«T?S5J:ihlt5ftl6, £ « W 7? ft T* 
TMffl}fc©W8?J#i&B-e&S£:*iJ»il,fc„ * •? L ft V* , H ?5 W fig ft fiS £ « f -5 © tc 
+ # ft « £ , 3 > b 7 X KDl*^|f:L<%oTLI^„ 
[ 0 0 5 9 ] 

re, ^ r >na s © « jb a , iiiiiLft?^^ • FStBof ni:R«?«*. 

fi , 1/7XII1T', £ fc « U > X m m F*9 K a 46 3£ A, 7c * P A £ fc tt £ , it#$/:tt? 
»ft£©5^7'/l'JSWJ&JH«©«&fcJ:oTjiriiSn*. 

[ 0 0 6 0 ] 

H2 Ait, *Kwtc«kS7^7*;Hi)t»©ii«gjg!ii©«iig-efeSo 5 t iv m ye 83 2 0 
a, ¥&73fafcttffc©/<*->?ffi«£ttfcfflWte ; F2 2*w-rao ffifoaifltt, mm 
? %m7£<Dmmm<D&m& £zfm<Dmmo>>*7 * - ? ic'&^mn? % z t w -v # 5 „ c © 
n «i « ffi t? « > « ^ « « « 2 c n a # 9 x $ n. t* m © ** n ? * ^ « ^ 2 

^ t» j: v> o « =? it . litfiift, s fc a 01J a « m m © s i o 2 %si^*-7Hsif 

2«©S i s N 4 T « €f ft if , ^illOi^^TftlgtSCifPt^o 1g^2 2«, 0J 
^.tfG a A sOSSKKfLft^ji-VOSC, A*«ffl LTl 7 f y ^ L t fe' 

[ 0 0 6 1 ] 

02 Btis H7tg§2 0©E«c2 6fCi5tf3*&?2 2©fi£^:0T»fe5 o 02 BT'Sti^ 
[ 0 0 6 2 ] 
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« *t a 2 2 « » 02 At?«RSi%tr* j;9i^?nt^5^, Mftss 2 0 it, &x 
m , a a & iftf t t,ti/\ 

[ 0 0 6 3 ] 

HI 3 fi » v^7 , ;l/08Jt»©3iJOlliMUg«BOK^:«JHBIT»*S. 7^7;H*S3 OH, 
ffift7?«JWWKPBK*nfc«a<0*Bfil/^SJlS3 6 ( S fc ti ft} ^ ) * , Sll32i:S2l 

, mftftmm.T e mftitmmz . TMH«agftft**», iRiK-rso ttftoiufi^sa! 

3 6!±, tflj x. If - m ft ~> U 3 > * if T ft J$ T S C T* * , S 1 fcitf/Sf;liS2i3 

2*jj:tf/*fe(i3 4ti, x. yr ^ t - y s */ V n y , r. M it m , iltv"J ny, # y 9 10 

[ 0 0 6 4 ] 

E) * K » fiyfiS3 0«H3-e«P3j!UB©-aJjb^ n«^tt5<):9iS?nt^§^ 
[ 0 0 6 5 ] 

(5{?Eft<DA*tft«-eiH^f§'2 0, 3 0 lCl^t^li, ^©fltttKgitfgftL, L fc 
^■3Taiflffll3tt««<Offl7J«, (I ft §§ 2 0 , 3 0 O)g?l 2 2 , 3 6cD7?|p]{CKftT'fe€> 20 

o 

[ 0 0 6 6 ] 

m 4 it, TEfllft^2 0fr5cD(IftWft(Ift7jft4 lfc«fctftil7j;&WfS^*r-/l/04 
T , {g ft gg CO tf & IC [fi] >&» o T , tSMfc£0*y?l%£*#<^&C<btf-e#<I>o ^SBJtO^ ( 

u * )v m <o m ) *a-5Tiwt53t-u>h)t(i, 3*oisi#f*^«-rao 4 2 « , 

ft IS © 0 ft 0 #T © fft B tC ft 9 , 4 4 *5 <fc 4 5T«, II it US (O t tl % tl + 1 ft HI »T *5 <fc 

- i ft in cf <o (sz a t ft z o 4 6 *5 <fc tf 4 7 « , 7j< ¥ is o ^ n n + 1 ft m #r <t # - 1 ft 

@ f/T O (4 B * 5 o + 1 <k tf - 1 ft ft . ^x/NtciiJJi-rsMW^«fct?-^«:^^-r-5 

Ti$T^§o TEfflft*ffiffl-rs«^, MiRfc*¥tt©W75--p, T»/^-y«iaaL 30 

T> B^3yh5Xht, LfctfoTtt<D&Wft*lf*£«r3Ei;.&. 
[ 0 0 6 7 ] 

ftT$^*-y{;;ft3 0 fl!l73©gil$fc«7}<¥ii!§UiIEL<fIft£ft?\ f 

fiit-tir-ffc, 3yh7Xhtfft<45 0 RV^3> h7Xht(S^3>'h77hOt*a»^ 

/a T* cd =F » ft < ft 3 , * 7c It m /h fc ft 5 3 ^ # - * > h «r HI M + 3 fc tb , 18 BJ3 # (i „ U 

lyXcD&MvftiiLftftfo-u^&^f-ytftiLC&c t ^ t* s 5 7 y* 7 i t e (I ft g§ £ fsg ffl 
LTco cnti, Rfflftfc: 14 STti * &ft fc^doti&ri:/:!? — *:/h#20©lS«liB: 

ssfii}teo«i^-&t»fcs*^ £ n * r- a t& -r & # , (ft a o w a t l t s je l « ss t? & 5 t 40 
y yy77-r • j/^fAosstsintiiawpft^, t <d it , ^ x 7% ® t- h ffl 7t 

^ii:«HBJ7tfcSffcL, L(DX^A , *^7y'7 7rtTiil?nTl^fre.T*£5, 
[ 0 0 6 8 ] 

B»yy7*77^ • 5/ X f A % O $ t) N A ^ S 'J V 7" 7 7 -f • ■> X t A T li , m JS 
<0«*»«-rs©t + ^«:»«fi«:il(§-rSfe«6. T E«7tt»<0ffiffl*^SKftSCfc^ 
^^. 0 B9 5 U , 5 0 n mOiSffii£Oi^Iit5itiffl©ffJ 1 O^Ijtli'; 7^77^ 
• 7XrA<0 7*DtX • 7^7F7*^t, COWOffflSltt 1 9 3 nmf£5 0 (gffl 
tSUiSiSa, §}f$tfl . 4 3 7 0* (N A = 1 . 4 3 7 ) (iOiiP 
S( N A (i 1 . 2 9T^^o C CO^IJ T 5 ffiffl f 5 U *J X h ti , B * O Sum i tomo Corp . W if fig L 50 
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f:PAR7 1 Of, V7f Lfc»SC«t5„ o = 0 . 9/0. 7©S«T$5 

0 Hist*, ktmrncvm i com?t&®mtM&m&£cD-7a >y \~-?&%o c © x p -y , 
o. o o <DM&Mmictsif zmytnnmtfm 5 . 6%t'$5c^*u c $ « ^ 51 

15:U^;!/fi6§ 0 ffi©^^^JST(i, SD'dKSa^^etcfgTL, Cco/cfeMTtTt^ 
N A H l 1 'J V ^ 7 7 -f • is X 7^ A IC it & m V £ & < & & o 
[ 0 0 6 9 ] 

0 6 (i , *aWOWlfCd:STEffl^fe«fet?iSa(3l£¥3RTO5 0ninO»«Bfi«<0^ , D 
t^">OFDtSt. C©fajT'j|fflt5fifitt 1 9 3 n m T & S . ffl T ?> M f& li 
, JB «f * *M . 4 3 7 CD ?J< ( N A = 1 . 4 3 7 ) T*5. f ffll/->"X MJ, :<D«Tli7 
7f L/i:lI±©P a r 7 1 0 T' & £ o JB W 14 , o = 0. 9/0. TWift'S^, 06 10 
te. n?£fl®mm£MM.Mmt(D7ri y hX*3bZo CO^a-y Hi, 0. 0 © ft j6 8? ft fc 

i©W 1 (OT E7->*7;H^i'XfA%ffifflt5J: > ttmm<Dm l i:i±$3<LT7 5%cDlI 
ftJSSfiO&Stfft&nfc. *afl<0«ITtt, Jt ffl © 0IJ 1 t it R L T , 2 7 % <D D O 
FO«l*'liJtl5, L It & o T , *%W<D7 Emft^tt&mtZC tlC£ 9 , X D -b 
X--J/-f>K'>oi6]±^Bl^tc*5o ffi©J&j£S£-Cfcl:, S§7t1S«teMMcDiiAn£: 

[ 0 0 7 0 ] 

0 7 ti , *«w»;:«feS7^7';na3iegg©»j<oiiaBjgffi5©i&ia-psBSo ^ *J t & t e m jt 
S7 ott, tao^u - h«)tSTi«?n5. s? r >na ft 8 7 o « , Mfiafttffgft 20 
£nsxb-Mi7t§§7 2 * w m -t %> c t ic * -o r it f&? z> 0 xu-nitts*» 

tn<Dmft.85*ftffi.?zrzit>, •t>jf72a-hCWIrt*. *C, • 

t^^7 2 a~h*i*itT, 7->"7;H)1cg§7 O^ffiUtl.o &XU-i---tr^*7 

2 a ~ h (i , il*SHl«'**hrt/«8R7 4a~h**fL> LfttftJ T CO»g1?y I/- h ■ 
■b*^7 2 a-htlfcSiltCiD, iBI8^^h/l/fllJtt7 4a~h^|allEL, 7->'7A 

mytmvittBfitT %> a x u - b ■ -t * * itMm.to&mv3bz><Dv. rmm&u t 

e ? v 7 & myt* mmr z> rz #> , mytm 1 0 §@gu , xu-bRacDTtsscDM^^x 

T , UA^-ttStt^, m <E O ^ 31 7j ?£ tC JS U T , # Iff {g Jg $ « # ^ E SI C * 

sj^iaHEiifii&atRfscfctf-e**,, ccDck?&@te%iiifTTr£fc46t;:,{i7tg§7 0 30 

* » fifdAffffiSlttfi^KiSiifrSCfc^T**. 'J V y 7 7 ^ • •> X f L CO '> >S: < i: t, » 
»*^^T'$5EUV'jyy77^tDi|&(i, tt*«**F8;*«#-r*CfctfT#S. 0J 

* , <S ft §§ 7 0 % , 2SS[«lgtJT««:<afil««tt'>X-rixU:St«-rSCfc^-p€r5. 

0 15 a js # , m k<d c t z> 0 hit, @ m s a , - is % « be -r 
ztctb, fiy- bmoiytmcom*? > ? i»<t-? z<Dic + ft& < * # n ar * & a ^ . 

[ 0 0 7 1 ] 

fig ^ M BS W (c m f o hu S$ L J: 9 fc > V V ? 9 7 4 • '>Xf A 8 0 SMS 

xfA-v-x8i, vx^$ftai/f ^yvs 2, *g u > x 8 2 , s ts £ « x ^ 8 

4 33 <£ 7 ^ 7 T E flit ft t§ 2 0 , 3 0Sfc«7 0?;ix.5. 5> v> T ;U T E fil ft g§ 2 0 , 40 

3 0 S fc« 7 Oli, C CD H J}S ffi T 5 fcl: , gKl/>XOXPKffiBt5J: , 9 0/Tfn. Ot 
»IOifi«|-pfe§i:i:^SS-p$5tf, -t* i>' T ;WI ft 2 0 , 3 0Sf;(i7 O^fiBUy 
X<DHM<DW.miC , S fc tt 0J * tf U * ;U 3: fc U: v x * 8 2i;IS^^>X8 3 cd & if , 

ts u > x cd n mu {c bh « -c ; ^ § c mmgiazmmz nzo 

[ 0 0 7 2 ] 

7 *j 7 /km ft <o m i^s <o 1± m it , (a Jt * s 7c £ k m n is o « ? (WAtf^-f-v-yyv 

1 x ffi^cDiiTt ( 00 a t e « )t ) (ojttSLTa^iKaiTJ&i. macodTt (te 

{H7t)A s 5g^L,a^L<4^<l7t(TMli7t)tiKW^n^o 50 
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[ 0 0 7 3 3 

ifasKii^ic CTMift) *stss«)tiiuf ^Asz'NtRs, a $ l < ft v> 
:/ d -t x t» , i^*/i/T?si*Lfcft<D--®©fBfta<gfbrsci:tf&s. w a ar u ^ * ;i> 

8 2 K W L ft © fil ft #\ '> ft < <h & ft © - M T E {I ft iC^itLfz 
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STATIONARY AND DYNAMIC RADIAL TRANSVERSE ELECTRIC 
POLARIZER FOR HIGH NUMERICAL APERTURE SYSTEMS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to optical polarizers in general, and more particularly, 
to polarizers for high numerical aperture lithography, 

2. Background of the Invention 

[0002] A lithographic projection apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In such a case, a patterning device generates a circuit pattern 
corresponding to an individual layer of the IC, and this pattern can be imaged onto a target 
portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has been 
coated with a layer of radiation sensitive material (resist). In general, a single wafer or 
substrate will contain a whole network of adjacent target portions that are successively 
irradiated via the projection system, one at a time. 

[0003] The term "patterning device** as here employed should be broadly interpreted as 
referring to device that can be used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created in a target portion of the 
substrate. The term "light valve" can also be used in this context. Generally, the pattern 
will correspond to a particular functional layer in a device being created in the target 
portion, such as an integrated circuit or other device. 

[0004] An example of such a patterning device is a mask. The concept of a mask is well 
known in lithography, and it includes mask types such as binary, alternating phase shift, 
and attenuated phase shift, as well as various hybrid mask types. Placement of such a mask 
in the radiation beam causes selective transmission (in the case of a transmissive mask) or 
reflection (in the case of a reflective mask) of the radiation impinging on the mask, 
according to the pattern on the mask. In the case of a mask, the support structure will 
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generally be a mask table, which ensures that the mask can be held at a desired position in 
the incoming radiation beam, and that it can be moved relative to the beam if so desired. 

[00051 Another example of a patterning device is a programmable mirror array. One 
example of such an array is a matrix-addressable surface having a viscoelastic control layer 
and a reflective surface. The basic principle behind such an apparatus is that, for example, 
addressed areas of the reflective surface reflect incident light as diffracted light, whereas 
unaddnessed areas reflect incident light as undiffracted light. Using an appropriate filter, 
the undiffracted light can be filtered out of the reflected beam, leaving only the diffracted 
light behind. In this manner, the beam becomes patterned according to the addressing 
pattern of the matrix addressable surface. 

[0006] An alternative embodiment of a programmable mirror array employs a matrix 
arrangement of tiny mirrors, each of which can be individually tilted about an axis by 
applying a suitable localized electric field, or by employing piezoelectric actuators. Once 
again, the mirrors are matrix addressable, such that addressed mirrors will reflect an 
incoming radiation beam in a different direction to unaddressed mirrors. In this manner, 
the reflected beam is patterned according to the addressing pattern of the matrix- 
addressable mirrors. The required matrix addressing can be performed using suitable 
electronics. In both of the situations described hereabove, the patterning device can 
comprise one or more programmable mirror arrays. More information on mirror arrays as 
here referred to can be seen, for example, from United States Patents U.S. 5,296,891 and 
5,523,193, and PCT publications WO 98/38597 and WO 98/33096. In the case of a 
programmable mirror array, the support structure may be embodied as a frame or table, for 
example, which may be fixed or movable as required. 

[0007] Another example of a patterning device is a programmable LCD array. An 
example of such a construction is given in U. S. Patent 5,229,872. As above, the support 
structure in this case may be embodied as a frame or table, for example, which may be 
fixed or movable as required. 



[0008] For purposes of simplicity, the rest of this text may, at certain locations, specifically 
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direct itself to examples involving a mask and mask table. However, the general principles 
discussed in such instances should be seen in the broader context of the patterning device 
as hereabove set forth. 

[0009] In current apparatus, employing patterning by a mask on a mask table, a distinction 
can be made between two different types of machine. In one type of lithographic 
projection apparatus, each target portion is irradiated by exposing the entire mask pattern 
onto the target portion at once. Such an apparatus is commonly referred to as a wafer 
stepper. In an alternative apparatus, commonly referred to as a step and scan apparatus, 
each target portion is irradiated by progressively scanning the mask pattern under the 
projection beam in a given reference direction (the "scanning" direction) while 
synchronously scanning the substrate table parallel or anti-parallel to this direction. Since, 
in general, the projection system will have a magnification factor M (generally < 1), the 
speed V at which the substrate table is scanned will be a factor M times that at which the 
mask table is scanned. More information with regard to lithographic devices as here 
described can be seen, for example, from U.S. Patent 6,046,792. 

[0010] In a known manufacturing process using a lithographic projection apparatus, a 
pattern (e.g. in a mask) is imaged onto a substrate that is at least partially covered by a layer 
of radiation sensitive material (resist). Prior to this imaging, the substrate may undergo 
various procedures, such as priming, resist coating and a soft bake. After exposure, the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
development, a hard bake and measurement and/or inspection of the imaged features. This 
array of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. 
Such a patterned layer may then undergo various processes such as etching, 
ion-implantation (doping), metallization, oxidation, chemical, mechanical polishing, etc., 
all intended to finish off an individual layer. If several layers are required, then the whole 
procedure, or a variant thereof, will have to be repeated for each new layer and the overlay 
(juxtaposition) of the various stacked layers is performed as accurate as possible. For this 
purpose, a small reference mark is provided at one or more positions on the wafer, thus 
defining the origin of a coordinate system on the wafer. Using optical and electronic 
devices in combination with the substrate holder positioning device (referred to hereinafter 
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as "alignment system**), this mark can then be relocated each time a new layer has to be 
juxtaposed on an existing layer, and can be used as an alignment reference. Eventually, an 
array of devices will be present on the substrate (wafer). These devices are then separated 
from one another by a technique such as dicing or sawing, whence the individual devices 
can be mounted on a carrier, connected to pins, etc. Further information regarding such 
processes can be obtained, for example, from the book "Microchip Fabrication: A Practical 
Guide to Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill 
Publishing Co., 1997, ISBN 0-07-067250-4. 

[00I1J For the sake of simplicity, the projection system may hereinafter be referred to as 
the "lens." However, this term should be broadly interpreted as encompassing various 
types of projection system, including refractive optics, reflective optics, and catadioptric 
systems, for example. The radiation system may also include components operating 
according to any of these design types for directing, shaping or controlling the projection 
beam of radiation, and such components may also be referred to below, collectively or 
singularly, as a "lens." Further, the lithographic apparatus may be of a type having two or 
more substrate tables (and/or two or more mask tables). In such "multiple stage" devices 
the additional tables may be used in parallel or preparatory steps may be carried out on one 
or more tables while one or more other tables are being used for exposures. Dual stage 
lithographic apparatus are described, for example, in U.S. Patent 5,969,441 and 6,262,796. 

[0012] Development of new tools and methods in lithography have lead to improvements 
in resolution of the imaged features patterned on a device, e.g. an IC. Tools and techniques 
in optical lithography continue to improve possibly leading to a resolution of less than 50 
run. This may be accomplished using relatively high numerical aperture (NA) lenses 
(greater than 0.75 NA), wavelengths down to 157 nm, and a plethora of techniques such as 
phase shift masks, non-conventional illumination and advanced photoresist processes. 

[0013] The success of manufacturing processes at these sub-wavelength resolutions will 
rely on the ability to print low modulation images or the ability to increase the image 
modulation to a level that will give acceptable lithographic yield. 
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[0014] Typically, the industry has used the Rayleigh criterion to evaluate the resolution 
and depth of focus capability of a process. The resolution and depth of focus (DOF) are 
given by the following equations: 

Resolution - ki ( X I NA ), 

and 

DOF - k 2 ( X / NA 2 ) f 

where A is the wavelength of the illumination source and ki and k2 are constants for a 
specific lithographic process. 

[0015] Therefore, for a specific wavelength, as resolution is increased through the use of 
higher-NA tools, the depth of focus can decrease. The loss in DOF with high NA is well 
known. However, the polarization targets for high NA partially coherent systems have not 
been examined. According to the following equation: 

I (r, Zo)=£. J dp J(po) I FT { O(p-po) Pi(p) Fi(p,z) H(p,Zo) 

1 5 

[001(5] where the image I, in a given film such as a photoresist, is a function of position r 
and specific for a given focus position Zo . This equation is valid for all NAs and the image 
is the summation over all polarization states L The integral is over the source distribution 
defined by J. The Fourier term within brackets represents the electric field distribution at 
the exit pupil. The four terms inside the bracket are, respectively, the object spectrum O of 
the reticle pattern, a polarization function P, a film function F and a pupil function H. 

[0017] According to this equation, high NA imaging is intrinsically linked with the 
polarization state and the thin film structure, where the electric field coupling and the 
power absorbed by a photoresist film can be drastically altered. The power absorbed due to 
incident plane waves on a photoresist film are proportional to the exposure necessary to 
develop the film. 

[0018] Studies by Donis G. Flagello et al. published under the title "Optical Lithography 
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into the Millennium: Sensitivity to Aberrations, Vibrations and Polarization," in the 25th 
Annual International Symposium on Microlithography, SPIE, February 27-March 3, 2002, 
Santa Clara, CA, USA, have shown that two orthogonal polarization (Transverse Electric 
polarization TE and Transverse Magnetic Polarization TM) diverge extensively at high NA, 
up to a 25% power change. An imaging system would contain a multitude of incident 
angles, reducing this effect. However, alternating phase shift masks (PSMs) require a 
small partial coherence which restricts the total number of angles and thus could produce 
similar exposure changes. 

[0019] Results have been obtained through simulation which show that a critical 
dimension difference from a completely polarized state and the unpolarized state depends 
on the numerical aperture NA. Results have also shown that dense lines with an alternating 
phase shift mask (PSM) is the most critical feature and this has been explained by the fact 
that the pupil configuration essentially produces 2-beam interference at the wafer level and 
this case tends to maximize the effects of polarization. If, for example, a numerical 
aperture of 0.85 (relatively high) is selected and one wanted to limit the systematic critical 
dimension CD error to less than 3%, the residual polarization should be limited to 10%. 
The critical dimension CD is the smallest width of a line or the smallest space between two 
lines permitted in the fabrication of a device. The simulation results also indicate the level 
of pupil filling and partial coherence can lessen the effects of polarization. This has been 
shown by the small polarization influence on the features using conventional illumination. 

[0020] Therefore, as more phase masks are used and imaging technology that demands 
small coherence levels is used, newer metrology technologies for the lens may be required. 
For example, high NA polarization effects may result in extremely tight specifications on 
illumination polarization for lithography tools. 

[0021] The advent of a resolution-enhancement technique (RET) called "liquid immersion" 
promises extending 157 nm optical lithography to well below 70 nm and possibly below 50 
nm without changes in illumination sources (lasers) or mask technology. According to a 
Massachusetts Institute of Technology (MIT) article by M. Switkes et al. entitled 
"Immersion Lithography at 157 nnT published in J. Vac. Sci. Technology B 19(6), 
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Nov/Dec 2001, liquid immersion technology could potentially push out the need for next- 
generation lithography (NGL) technologies such as extreme ultraviolet (EUV) and electron 
projection lithography (EPL). The liquid immersion technology involves using chemicals 
and resists to boost resolution. Immersion lithography can enhance the resolution of 
projection optical systems with numerical apertures up to the refractive index of the 
immersion fluid. The numerical aperture NA is equal to the product of the index n of the 
medium and the sinus of the half angle 0 of the cone of light converging to a point image at 
the wafer (NA = n sin 6). Thus, if NA is increased by increasing the index n, the resolution 
can be increased (see equation: Resolution ~ ki ( X I NA )). However, as stated above, 
higher NA may result in extremely tight specifications on illumination polarization for 
lithography tools. Therefore, polarization plays an increased role in immersion lithography. 

SUMMARY OF THE INVENTION 

[0022] It is an aspect of the present invention to provide a radial transverse electric 
polarizer device including a first layer of material having a first refractive index, a second 
layer of material having a second refractive index, and a plurality of elongated elements 
azimuthally and periodically spaced apart, and disposed between the first layer and the 
second layer. The plurality of elongated elements interact with electromagnetic waves of 
radiation to transmit transverse electric polarization of electromagnetic waves of radiation. 

[0023] In one embodiment, the first refractive index is equal to the second refractive index. 
In another embodiment the plurality of elongated elements form a plurality of gaps. These 
gaps may include, for example, air or a material having a third refractive index. In yet 
another embodiment, the elongated elements periodically are spaced apart with a period 
selected to polarize the electromagnetic waves of radiation in a transverse electric 
polarization. In one embodiment the electromagnetic radiation is ultraviolet radiation. 

[0024] It is another aspect of the present invention to provide a radial transverse electric 
polarizer device including a substrate material having a first refractive index, and a 
plurality of elongated azimuthally oriented elements coupled to the substrate material and 
the elongated elements having a second refractive index. The plurality of elements are 
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periodically spaced apart to form a plurality of gaps such that the radial transverse electric 
polarizer device interacts with an electromagnetic radiation having first and second 
polarizations to reflect substantially all of the radiation of the first polarization and transmit 
substantially all of the radiation of the second polarization. 

[0025] In an embodiment of the present invention the first polarization is a transverse 
magnetic polarization (TM) and the second polarization is a transverse electric (TE) 
polarization. The plurality of elongated elements can be formed of, for example, aluminum, 
chrome, silver and gold. The substrate material can be, for example, quartz, silicon oxide, 
silicon nitride, gallium arsenide a dielectric material, and combinations thereof. 

[0026] In another embodiment of the invention, the radial transverse electric polarizer 
optionally further includes a thin layer of absorbing material. The plurality of elongated 
elements are coated with the thin layer of absorbing material which absorbs at a wavelength 
of the electromagnetic radiation. The thin layer of absorbing material is selected such that 
a portion of reflected radiation of the first polarization that may have been transformed into 
a secondary radiation of a second polarization is substantially absorbed by the thin layer of 
absorbing material. In this way, the thin layer of absorbing material can substantially 
eliminate polarization flare in the transmitted radiation of the second polarization. 

[0027] Another aspect of the invention is to provide a polarizer device including a 
polarizing component and an absorber disposed on a backside of the polarizing component. 
The polarizing component interacts with an electromagnetic radiation including first and 
second polarizations to reflect substantially all radiation of the first polarization and 
transmit substantially all radiation of the second polarization. The absorber includes a 
material absorbing at a wavelength of the electromagnetic radiation. The material absorbs 
substantially all radiation of the second polarization. The polarizer can be used in a 
reflective-type lithographic apparatus. 

[0028] In one embodiment the polarizing component includes a plurality of elongated 
azimuthally oriented elements. The plurality of elements are periodically spaced apart to 
form a plurality of gaps. The plurality of elongating elements may be, for example, 
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electrically conductive at the wavelength of the electromagnetic radiation. In an exemplary 
embodiment, the first polarization is a transverse magnetic polarization and the second 
polarization is a transverse electric polarization. 

[0029] In another embodiment, the polarizing component includes a plurality of rings 
disposed concentrically and are periodically spaced. In an exemplary embodiment, the first 
polarization is a transverse electric polarization and the second polarization is a transverse 
magnetic polarization. 

[0030] According to another aspect of the invention a lithographic projection apparatus is 
provided, the apparatus including a radiation system constructed and arranged to provide a 
projection beam of radiation, a support structure constructed and arranged to supporting a 
patterning device, the patterning device constructed and arranged to pattern the projection 
beam according to-a desired pattern, a substrate table to hold a substrate, a projection 
system constructed and arranged to project the patterned beam onto a target portion of the 
substrate, and a polarizer device constructed and arranged to polarize the beam of radiation 
in a transverse electric polarization direction. 

[0031] A further aspect of the invention there is provided a device manufacturing method 
including projecting a patterned beam of radiation onto a target portion of a layer of 
radiation-sensitive material at least partly covering a substrate; and polarizing the beam of 
radiation in a transverse electric polarization. Still another aspect of the invention is to 
provide a device manufactured a device using the above method. 

[0032] Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood that 
such an apparatus has many other possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guidance and detection patterns for 
magnetic domain memories, liquid crystal display panels, thin film magnetic heads, etc. 
One will appreciate that, in the context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be considered as being replaced by the 
more general terms "mask", "substrate" and "target portion", respectively. 
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[0033] In the present document, the terms "radiation** and "beam" are used to encompass 
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a 
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g. 
having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or 
electron beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] These and other objects and features of the invention will become more apparent 
and more readily appreciated from the following detailed description of the presently 
preferred exemplary embodiments of the invention, taken in conjunction with the 
accompanying drawings, of which: 

[0035] Fig. 1 schematically depicts a lithographic projection apparatus according to an 
embodiment of the invention; 

[0036] Fig. 2A is a schematic illustration of a radial polarizer according to an embodiment 
of the present invention; 

[0037] Fig. 2B is an enlarged view of gratings at an area of polarizer depicted in Fig. 2A; 

[0038] Fig. 3 is an enlarged lateral view of the radial polarizer according to another 
embodiment of the present invention; 

[0039] Fig. 4 is a vector diagram showing the preferential polarization direction and the 
output from a TE polarizer according to the embodiments shown in figs. 2A and 3; 

[0040] Fig. 5 is a plot of the exposure latitude versus depth of focus for a comparative 
example 1; 

[0041] Fig. 6 is a plot of the exposure latitude versus depth of focus for an example 1 of 
the present invention; 
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[0042] Fig. 7 is a schematic illustration of a radial polarizer according to an alternative 
embodiment of the present invention; 

[0043] Fig. 8 shows schematically an embodiment of a lithographic system utilizing the 
radial TE polarizer of the present invention; 

[0044] Fig. 9A shows a schematic illustration of a transverse polarizer having a polarizing 
component and an absorber according to another embodiment of the present invention; 

[0045] Fig. 9B shows a schematic illustration of an embodiment of polarizing component 
used in the polarizer of Fig. 9A; 

[0046] Fig. 9C shows a schematic illustration of another embodiment of a polarizing 
component used in the polarizer of Fig. 9 A; 

[0047] Fig. 10 is flow-chart representing a device manufacturing method according to the 
present invention; and 

[0048] Fig. 1 1 is a schematic illustration of another embodiment of a polarizer according to 
the present invention. 

DETAILED DESCRIPTION 

[0049] Several techniques have been used to create polarized light. There are basically 
four techniques for polarizing a natural beam of light, i.e. non-polarized light. One 
technique is based on birefringent or biaxial materials. A second technique is based on the 
use of dichroic materials such as "polaroid." A third technique employs thin-film 
technology and it uses Brewster's effect. A fourth technique is based on wire grids or 
conductive gratings. 

[0050] The use of birefringent materials to polarize light is known in the production of 
birefringent polarizers. Birefringent polarizers can be made from many crystals and also 
certain stretched polymers. Birefringent materials are materials having a different optical 
index in one direction compared to another. The degree of difference in the optical index 
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between the two directions varies with the wavelength of the light. The difference in index 
is used to separate beams of one linear polarization from another. Use of birefringent 
polarizers is characterized by inefficiency, wavelength dependent performance and requires 
highly collimated light. For these reasons birefringent polarizers are not commonly used in 
optical projection systems. 

[0051] Dichroic polarizers are polarizers designed to absorb one polarization and transmit 
the other one. Most commonly used dichroic polarizers consist of a polymeric sheet 
stretched to orient its molecules and treated with iodine and/or other materials or chemicals 
such that the molecules absorb polarization of one orientation. Streched polymers 
polarizers absorb all the intensity of one polarization and at least 15% of the transmitted 
polarization. Stretched polymer polarizers degrade with time as the light induces 
chemicals changes in the polymeric material resulting in the material becoming yellow or 
brittle. Dichroic polarizers are also sensitive to heat and other environmental changes. 

[0052] In the last decade a polarizer device has been developed in which stretched polymer 
sheets are made birefringent. These stretched sheets reflect one polarization and pass the 
other. One problem with this polarizer technique is its low extinction ratio of 
approximately 15. While useful for some applications, this extinction ratio is not adequate 
for imaging applications without a secondary polarizer. This type of polarizer also suffers 
from the environmental problems discussed above. 

[0053] Thin film polarizer technology uses Brewster's effect in which a light beam 
incident on a surface of a material such as glass, plastic or the like, at Brewster's angle 
(near 45 degrees) is divided into two polarized beams one transmitted and the other one 
reflected. Thin film polarizer technology however limits the angular range of the light 
beam incidence. The acceptance angular range is very narrowly limited to a few degrees in 
most devices. Thin film polarizer technology also suffers from the wavelength dependence 
because of the dependence of Brewster's angle on the wavelength of the incident light. 

[0054] For an image projection system where applications of a polarized light beam are 
sought, a brighter beam is always desirable. The brightness of a polarized beam is 
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determined by numerous factors, one of the factors being the light source itself. Another 
factor for a system that employs a polarizer is the angle of acceptance. A polarizer with a 
narrow or limited acceptance angle cannot gather as much light from a divergent source as 
a system that employs a wide acceptance angle. A polarizer with large acceptance angles 
allows flexibility in the design of a projection optical system. This is because it is not 
necessary for the polarizer to be positioned and oriented within a narrow range of 
acceptance angles with respect to the light source. 

[0055] Another desired characteristic for a polarizer is to effectively separate one 
component of polarization from the other component. This is called the extinction ratio, 
which is the ratio of the amount of light of the desired polarization component to the 
amount of light of the undesired polarization component. Other desired characteristics 
include freedom of positioning the polarizer in an optical projection system without 
diminishing the efficiency of the polarizer and/or introducing additional restrictions on the 
system such as orientation of the beam etc. 

[0056] Another polarization technique utilizes a conductive grating or wire grid. A wire 
grid polarizer is a planar assembly of evenly spaced parallel electrical conductors whose 
length is much larger than their width and the spacing between the conductive elements is 
less than the wavelength of the highest frequency light component of the incident light 
beam. This technique has been successfully used for a number of years in the radio 
frequency domain and up to the infrared region of the spectrum. Waves with a polarization 
parallel to the conductors (S polarization) are reflected while waves of orthogonal 
polarization (P polarization) are transmitted through the grid. The wire grid polarizer is 
used mainly in the field of radar, microwaves, and infrared. 

[0057] The wire grid polarizer technique has not been used for shorter wavelengths except 
in few instances in the visible wavelengths range. For example, in U.S. Patent 6,288,840 a 
wire grid polarizer for the visible spectrum is disclosed. The wire grid polarizer is 
imbedded in a material such as glass and includes an array of parallel elongated spaced- 
apart elements sandwiched between first and second layers of the material. The elongated 
elements form a plurality of gaps between the elements which provide a refractive index 
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less than the refractive index of the first layer. The array of elements is configured to 
interact with electromagnetic waves in the visible spectrum to reflect most of the light of a 
first polarization and transmit most of the light of a second polarization. The elements 
have a period less than 0.3 microns and widths less than 0.15 microns. 

[0058] Another instance where a wire grid polarizer is used for polarization in the visible 
spectrum is described in U.S. Patent 5,383,053. A wire grid polarizer is used in a virtual 
image display to improve reflection and transmission efficiency over conventional beam 
splitters. The wire grid polarizer is used as a beam splitting element in an on-axis, 
polarized virtual image display. The extinction ratio of the grid polarizer was not an issue 
in this application because the image was already polarized and only the relatively high 
efficiency of the reflection and transmission was of interest in this application. 

[0059] Lopez et al., in an article published in Optics Letters, Vol. 23, No. 20, pp. 1627- 
1629, describe the use of surface-relief grating polarization, similar to wire grid technology. 
Lopez et al. describe the use of grating polarization in the visible spectrum (output of a 
He-Ne laser at 632.8 nm) as a quarter-wave plate polarizer (phase retardance, 7t/2) at 
normal incidence and as a polarizing beam splitter (PBS) at an angle of incidence of 40°. 
The polarizer is a one-dimensional surface-relief grating with a period of 0.3 microns and a 
50% duty cycle. The grating material is a single layer of Si02 (index of refraction 1.457) 
sandwiched between two layers of Si3N 4 (index of refraction 2.20) upon a fused-quartz 
substrate. 

[0060] The wire grid polarizer technology has not been, however, suggested for use in the 
ultraviolet wavelengths range, i.e. shorter than the visible lower limit wavelength of 400 
nm. As stated above, development of a polarizer for ultraviolet radiation would allow 
increases in resolution of lithographic projection systems, and more specifically increases 
in the resolution of lithographic projection systems having high NA, such as in the case of 
immersion lithographic systems. 

[0061] Ferstl et al., in an article published in SPIE Vol. 3879, Sept, 1999, pp. 138-146, 
discloses the use of "high-frequency" gratings as polarization elements. Binary gratings 
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with feature sizes smaller than the illumination wavelength of 650 nm were fabricated in 
quartz glass by microstructuring techniques using direct electron-beam writing combined 
with successive reactive ion etching. In polarization beam splitters diffraction efficiencies 
of about 80% in the -1 order for transverse electric TE polarization and 90% in the 0 order 
for transverse magnetic TM polarization were obtained. 

[0062] The polarization state of a wave can be defined by two parameters 0 and <t>, where 0 
defines the relative magnitudes of TE and TM wave components, and c|> defines their 
relative phase. The incident wave can be expressed by the following pair of equations: 

Ate ■ cos 0 and Ajm = e 1 * sin 0 

[0063] Thus, for $> « 0, the wave is linearly polarized at an angle 0. Circular polarization is 
obtained when 0 = tc/4 and <J>= ± ti/2. A TE polarized wave is represented by 0 - 0. A TM 
wave is represented by 0 - it /2. TE and TM polarizations are fundamental polarization 
components. 

[0064] Before going into details about polarization systems and polarization lenses it 
would be judicious to put the polarization in the context of its application, i.e. in the 
context of lithographic tools and methods. 

[0065] Figure 1 schematically depicts a lithographic projection apparatus 1 according to 
an embodiment of the invention. The apparatus 1 includes a radiation system Ex, IL 
constructed and arranged to supply a projection beam PB of radiation (e.g. EUV radiation), 
which in this particular case also comprises a radiation source LA; a first object table 
(mask table) MT provided with a mask holder that holds a mask MA (e.g. a reticle), and 
connected to a first positioning device PM that accurately positions the mask with respect 
to a projection system PL. A second object table (substrate table) WT provided with a 
substrate holder that holds a substrate W (e.g. a resist-coated silicon wafer), and connected 
to a second positioning device PW that accurately positions the substrate with respect to the 
projection system PL. The projection system ("lens") PL (e.g. a mirror group) is 
constructed and arranged to image an irradiated portion of the mask MA onto a target 
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portion C (e.g. comprising one or more dies) of the substrate W. 

[0066] As here depicted, the apparatus is of a transmissive type (i.e. has a transmission 
mask). However, in general, it may also be of a reflective type, for example (with a 
reflective mask). Alternatively, the apparatus may employ another kind of patterning 
device, such as a programmable mirror array of a type as referred to above. 

[0067] The source LA (e.g. a discharge or laser-produced plasma source) produces a beam 
of radiation. This beam is fed into an illumination system (illuminator) IL, either directly 
or after having traversed a conditioning device, such as a beam expander Ex, for example. 
The illuminator IL may comprise an adjusting device AM that sets the outer and/or inner 
radial extent (commonly referred to as a-outer and a-inner, respectively) of the intensity 
distribution in the beam. In addition, it will generally comprise various other components, 
such as an integrator IN and a condenser CO. In this way, the beam PB impinging on the 
mask MA has a desired uniformity and intensity distribution in its cross-section. 

[0068] It should be noted with regard to Figure 1 that the source LA may be within the 
housing of the lithographic projection apparatus (as is often the case when the source LA is 
a mercury lamp, for example), but that it may also be remote from the lithographic 
projection apparatus, the radiation beam which it produces being led into the apparatus (e.g. 
with the aid of suitable directing mirrors). This latter scenario is often the case when the 
source LA is an excimer laser. The present invention encompasses both of these scenarios. 

[0069] The beam PB subsequently intercepts the mask MA, which is held on a mask table 
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which 
focuses the beam PB onto a target portion C of the substrate W. With the aid of the second 
positioning device PW and interferometer IF, the substrate table WT can be moved 
accurately, e.g. so as to position different target portions C in the path of the beam PB. 
Similarly, the first positioning device PM can be used to accurately position the mask MA 
with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA 
from a mask library, or during a scan. In general, movement of the object tables MT, WT 
will be realized with the aid of a long-stroke module (coarse positioning) and a short-stroke 
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module (fine positioning), which are not explicitly depicted in Figure 1. However, in the 
case of a wafer stepper (as opposed to a step and scan apparatus) the mask table MT may 
just be connected to a short stroke actuator, or may be fixed. The mask MA and the 
substrate W may be aligned using mask alignment marks M|, M 2 and substrate alignment 
marks Pi, P 2 . 

[0070] The depicted apparatus can be used in two different modes. In step mode, the mask 
table MT is kept essentially stationary, and an entire mask image is projected at once, i.e. a 
single u flash,"onto a target portion C, The substrate table WT is then shifted in the X 
and/or Y directions so that a different target portion C can be irradiated by the beam PB. 

[0071] In scan mode, essentially the same scenario applies, except that a given target 
portion C is not exposed in a single "flash." Instead, the mask table MT is movable in a 
given direction (the so-called "scan direction", e.g., the Y direction) with a speed v, so that 
the projection beam PB is caused to scan over a mask image. Concurrently, the substrate 
table WT is simultaneously moved in the same or opposite direction at a speed V = Mv, in 
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a 
relatively large target portion C can be exposed, without having to compromise on 
resolution. 

[0072] Currently, lenses that are used in projection lithography do not use TE polarizers. 
They either have linear polarization or circular polarization. The polarization state in the 
lithography tools used prior to the present invention are either linear, circular or 
unpolarized. The inventors have determined that in order to improve resolution and allow 
better imaging under high NA, such as in immersion lithography where NA is greater than 
1 , it will require suppression of TM polarization for all feature orientations. Otherwise the 
loss of contrast would be severe enough to destroy any viable imaging. 

[0073] In order to eliminate TM polarization and only use TE polarization in lithographic 
projection, the inventors have found that using radial polarizers in circularly symmetric 
lenses allows for selective elimination of the TM polarization component. The 
manufacture of radial polarizers is similar to that of wire grid technology described 
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previously. It is accomplished by the manufacture of radial periodic metal lines such as, 
for example chrome or silver, dielectrics or multilayers, either on a lens element or 
embedded within the lens element. 

[0074] Figure 2A is a schematic illustration of an embodiment of a radial polarizer 
according to the present invention. Radial polarizer 20 has period gratings 22 arranged in a 
radially symmetric pattern. The period of the grating can be selected for a specific 
wavelength of radiation used and in accordance with other desired parameters. In this 
embodiment, the gratings are deposited on a substrate 24, which can be glass or other 
materials. The gratings 22 can be, for example, a metal such as aluminum, chrome, silver, 
gold or any material that is conductive at the wavelength the electromagnetic radiation 
beam. The gratings can also be made, for example, of dielectrics or a combination in a 
multilayer structure such as, but not limited to, a single layer of Si0 2 sandwiched between 
two layers of S13N4 on a fused-quartz substrate. The gratings 22 may also be etched using 
electron beams, for example, following a pattern transferred to a substrate of GaAs. 

[0075] Figure 2B is an enlarged view of gratings 22 at area 26 of polarizer 20. As shown 
in Figure 2B gratings 22 are interlaced to allow smooth transitions of the polarization 
effects to maintain uniformity of the TE polarization intensity along the diameter of the 
polarizer. 

[007<q Although the polarizer 22 is illustrated in Figure 2A having a disk shape, the 
polarizer 20 can also be of a polygonal shape such as, but not limited to, a rectangular 
shape, hexagonal shape, etc. 

[0077] Figure 3 is an enlarged lateral view of another embodiment of the radial polarizer. 
Radial polarizer 30 includes a first layer of material 32 having a first refractive index, a 
second layer of material 34 having a second refractive index. A plurality of elongated 
elements 36 (or gratings) azimuthally and periodically spaced apart are disposed between 
the first layer 32 and the second layer 34. The plurality of elongated elements 36 interact 
with electromagnetic waves of light or radiation to transmit transverse electric TE 
polarization and reflect or absorb TM polarization. The plurality of elongated elements 36 
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can be made, for example, of silicon dioxide and the first and/or second layers 32 and/or 34 
can be made of any material comprising, for example, quartz, silicone, dioxide, silicon 
nitride, gallium arsenide etc. or a dielectric material at the wavelength of the 
electromagnetic beam of radiation. Similarly to the previous embodiment the spacing or 
period between the elongated elements 36 can be selected according to the intended use of 
the polarizer, i.e. for a specific wavelength and in accordance with other parameters in the 
lithographic system. 

[0078] Similarly, although the polarizer 30 is illustrated in Figure 3 as being part of or 
having a disk shape, the polarizer 30 can also be part of or having a polygonal shape such 
as, but not limited to, a rectangular shape, hexagonal shape, etc. 

[0079] Light impinging on polarizer 20, 30 at near normal incidence would have its 
polarization state altered such that the output of transmitted polarization state is orthogonal 
to the direction of the grating lines 22, 36 in the polarizer 20, 30* 

[0080] Figure 4 is a vector diagram 40 with the preferential polarization direction 41 and 
output from TE polarizer 20. Higher errors and defects would be allowed towards the 
center of the polarizer as the need for TE polarization with high NA systems is greater at 
the edge of the pupil. A coherent light illuminating through dense lines (reticle image 
lines) will produce 3 orders of diffraction. At 42 would be the position of the 0 order 
diffraction of the beam of light and at 44 and 45, the respective positions of the + 1 order 
diffraction and -1 order diffraction, for a vertical line. At 46 and 47, the respective 
positions of +1 order diffraction and -1 order of diffraction, for a horizontal line. The + 1 
and -1 order will interfere giving rise to valleys and peaks in the illumination reaching the 
wafer. If a TE polarization is used, for both vertical and horizontal lines, an interference 
pattern occurs leading to a high contrast and thus to a good resolution of the lines. 

[0081] Whereas, in the case of linear polarization only one of the vertical or horizontal 
lines would lead to a clear interference pattern with high contrast The other vertical or 
horizontal line would not be correctly polarized, not form an interference pattern and thus 
the contrast would be less. The combination of high and low contrast images would 
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average out the result leading to a low definition or resolution imaging for the overall 
pattern. To get rid of the component leading to absence or minor interference at the wafer 
the inventors used a radial TE polarizer that allows interference patterns to occur in any 
azimuthal direction in the lens. This would not be the case with circular polarization as 
each component is a combination of two linear orthogonal polarizations but can be thought 
of as turning in space but in a fixed manner as function of position. Therefore, the use of 
circular polarization would not lead to interference lines and consequently is not suitable 
for high resolution imaging for lithographic systems because in the wafer plane circular 
polarization is reduced to linear polarization and the drawbacks of this were described 
above in this paragraph. 

[0082] In an immersion lithographic system, i.e. a lithographic system with a high NA, the 
use of a TE polarizer may be required in order to obtain the resolution adequate for 
imaging dense lines. Figure 5 shows the process window for a comparative Example 1 
unpolarized immersion lithographic system imaging 50 nm dense lines. The wavelength of 
use in this example is 193 nm. The immersion fluid used is water with a refractive index 
of 1.437 (NA= 1.437). The air equivalent numerical aperture NA is 1.29. The resist used in 
this example is PAR710, made by Sumitomo Corp., Japan, on a matched substrate. The 
illumination is annular with a - 0.9/0.7. Figure 5 is a plot of the exposure latitude versus 
depth of focus for comparative Example 1 . This plot indicates that the exposure latitude at 
a depth of focus of 0.0 is approximately 5.6%, which is an unusable level. At other depth 
of focus the exposure latitude decreases even more which makes an unpolarized light 
unusable in lithographic system at high NA. 

[0083] Figure 6 shows the process window for a 50 nm dense lines with TE polarized 
light and immersion optics according to an Example 1 of the present invention. The 
wavelength of use in this example is 193 nm. The immersion fluid used is water with a 
refractive index of 1.437 (NA=* 1.437). The resist used, in this example, is Par710 on a 
matched substrate. The illumination is annular with a = 0.9/0.7. Figure 6 is a plot of the 
exposure latitude amount versus depth of focus. This plot indicates that the exposure 
latitude at a depth of focus of 0.0 is approximately 9.9%, which is a usable level. An 
improvement in exposure latitude of 75% is obtained when using TE radial polarization 

20 



(44) 



JP 2004-258670 A 2004. 9. 16 



system of Example 1 of the present invention compared to comparative Example 1. An 
improvement in DOF of 27% is obtained in Example 1 of the present invention compared 
to comparative Example 1. Thus an increased processed window is enabled by the use of 
the TE polarizer of the present invention. At other depth of focus the exposure latitude 
decreases with the increase of the depth of focus. 

[0034] Figure 7 is a schematic illustration of another embodiment of a radial polarizer 
according to the present invention. Radial TE polarizer 70 is comprised of a plurality of 
plate polarizers. Radial polarizer 70 is fabricated by cutting the plate polarizer 72 that have 
linear polarization preference. The plate polarizers are cut into plate sectors 72a-h in order 
to fabricate a circular-shaped piece polarizer. The plate sectors 72a-h are then assembled to 
form a radial polarizer 70. Each plate sector 72a-h has a linear polarization vector state 
74a-h and thus by assembling the plate sectors 72a-h in this fashion the linear vector 
polarization 74a-h would rotate to form radial polarization configuration. However, since 
the plate sectors are discrete elements, in order to obtain a "continuous" TE radial 
polarization, polarizer 70 is preferably rotated to randomize optical path differences 
between the plates and to insure uniformity. The rotation of the polarizer is not necessary 
but in some cases it would add uniformity and depending on how the rotation is 
implemented, the speed of the rotation could be selected to be very slow or very fast. To 
perform such rotation the polarizer 70 can be mounted for example on air bearings. In the 
case of EUV lithography where at least parts of the lithographic system are in vacuum, an 
alternative mount solution can be provided. For example, the polarizer 70 can be mounted 
on magnetic bearing systems instead of air bearings. The speed of rotation would govern 
the uniformity of the polarization. In general, the rotation rate should be sufficiently high 
to randomize optical path differences between the plates in order to insure uniformity. 

[0085] Figure 8 shows schematically an embodiment of a lithographic system utilizing a 
radial TE polarizer of the present invention. As described previously, lithographic system 
80 comprises illumination or radiation system source 81, mask or reticle 82, projection lens 
83, substrate or wafer 84 and a radial TE polarizer 20, 30, or 70. The radial TE polarizer 
20, 30, or 70 is shown in this embodiment positioned at the entrance of the projection lens, 
optimally close to the pupil plane, however, one ordinary skill in the art would appreciate 
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that the radial polarizer 20, 30, or 70 can be positioned anywhere in the projection lens or 
outside the projection lens such as, for example, between the reticle or mask 82 and the 
projection lens 83. 

[0086] A best performance for radial polarizer is achieved when the polarizer is an ideal 
polarizer having perfectly conducting gratings (for example, wire grids or elongated 
elements). In this situation, the radial polarizer will function as a perfect mirror totally 
reflecting light of one polarization (e.g., TM polarization) and will be perfectly transparent 
for the light with the other polarization (e.g., TE polarization). The desired polarization 
(TE polarization) will be transmitted while the undesired polarization (TM polarization) 
will be reflected. 

[0087] However, if the radial polarizer is placed between the reticle 82 and the projection 
lens 83, for example, the reflected light with the undesired polarization (TM polarization) 
may travel back to the reticle 82. The reflected light with the undesired polarization may 
impinge on the reticle 82 and be reflected back toward the radial polarizer. In this process, 
a portion of the light reflected by the reticle may undergo a polarization change. If, for 
example, the polarization of the light reflected by the reticle 82 has at least a portion of 
light changed into TE polarization (the desired polarization), this portion of light with TE 
polarization (secondary light), can be transmitted by the radial polarizer since the radial 
polarizer is constructed to permit light with TE polarization to pass through. This portion 
of TE polarized light, albeit less intense than the light with TE polarization that was 
initially transmitted through the radial polarizer (primary TE polarization light), can pass 
through the radial polarizer and may eventually reach the substrate 84. This reflection 
phenomenon may repeat itself numerous times resulting in a change of polarization in a 
path back and forth to the radial polarizer. This may lead to the creation of a flare in the 
polarization because secondary TE polarized light is added to the TE polarized light that 
initially traversed the radial polarizer (primary TE polarized light). The polarization flare 
can ultimately lead to a blurr in the imaging and thus a loss in imaging resolution. 

[0088] In order to minimize the possibility of occurrence of a polarization flare in the 
imaging, the inventors have determined that coating the conducting gratings (e.g., wire 
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grids) in the radial polarizer with a thin absorber layer can help reduce back reflections 
from the polarizer, and from other objects in the lithographic apparatus, for example, the 
reticle 82. 

[0089] In one embodiment, a thin absorber layer is optionally coated on gratings 22 of the 
radial polarizer 20 illustrated in Figure 2A. The gratings 22 can be conducting elements 
made from, for example, aluminum, chrome, silver, gold or a combination therefrom. The 
thin absorber layer can be, for example, any material that is absorbing at the wavelength of 
radiation used, for example, AI2O3 and anodic oxidized aluminum. The thin absorber layer 
may also contain a compound with low reflection. A suitable compound with low 
reflection can be BILATAL made by a process from Zeiss, Germany. Other suitable low 
reflection compounds include A1N and CrO* (x being an integer number). 

[0090] By coating the gratings 22 of polarizer with a thin absorber layer, back reflections 
(secondary TE polarization) from the radial polarizer and from the reticle, are absorbed by 
the thin layer while the primary TE polarized light is minimally absorbed by the thin 
absorber layer. This is because the light of the back reflections (secondary TE polarized 
light), being less intense than the primary TE polarized light, is relatively easily absorbed 
by the thin absorber layer. The thickness and or the material of the absorber layer can be 
selected or adjusted to achieve a desired extinction of the back reflections secondary TE 
polarized light. 

[0091] In the above exemplary embodiment, it has been referred to absorbing back 
reflections occurring between the radial polarizer and the reticle, however, it should be 
appreciate that the above also applies in the case of back reflections that may occur 
between any object in the path of the reflected polarization and the radial polarizer. 

[0092] The above process for eliminating undesired polarization by using an absorbing 
medium in conjunction with a radial polarizer is useful in imaging applications using a 
transmissive lithographic tool, an example of which is illustrated in Figure t. In the case of 
a reflective lithographic tool, however, another configuration is used to eliminate undesired 
polarization. In reflective lithography, it is the reflected polarization that is used for 
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imaging. Therefore, it is the transmitted undesired polarization that would be absorbed or 
eliminated* 

[0093] Figure 9 A shows a schematic illustration of a polarizer with an absorber according 
to one embodiment of the invention. Polarizer 90 includes a polarizing component 92 and 
an absorber 94. Absorber 94 is disposed on the back side of polarizing component 92 
relative to incident light 96. Absorber 94 can be disposed directly in contact with a back 
surface of polarizing component 92 or slightly spaced apart from polarizer element 92. 
Absorber 94 includes a material that absorbs at the wavelength of radiation used, i.e. at the 
wavelength of incident light 96. Incident light 96 contains both TE component polarization 
and TM component polarization. 

[0094] As stated previously, in reflective lithography, the reflected polarization is used for 
imaging while the transmitted polarization is transmitted. In this case, the TE polarization 
component 97 (desired polarization), for example, is reflected by polarizing component 92 
while the TM polarization component 98 (undesired polarization), for example, is 
transmitted by polarizing component 92. 

[0095] The transmitted TM polarization may encounter in its path an object, such as other 
optical imaging elements in the lithographic apparatus. Hence, a portion of the TM 
polarized light can be reflected back toward the polarizing component 92. This portion of 
TM polarized light will traverse the polarizing component 92 because the polarizing 
component 92 is "transparent" to TM polarization. This portion of TM polarized light, 
albeit less intense than TE polarization light (desired polarization), can be added to and 
mixed with the desired TE polarization leading to a deterioration in the imaging resolution. 

[0096] In order to eliminate possible back reflections from other optical elements in the 
lithographic tool, the absorber 94 is introduced in the light path of the undesired TM 
polarized light 98. In this way, the TM polarized light is absorbed by absorber 94 along the 
thickness ta of absorber 94 and does not reach an object in the lithographic apparatus that 
may reflect the TM polarization. In addition, even if the TM polarized light is not totally 
eliminated in a first passage of the light through thickness ta of absorber 94, the remaining 
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TM polarized light 99 that may be reflected at the bottom surf ace 94B of absorber 94 may 
be absorbed in its second passage through thickness ta of absorber 94. Hence, the 
undesired TM polarization is absorbed twice by the absorber 94 leading to a quadratic 
absorption/extinction of the TM polarization component. This allows enhanced extinction 
of the TM polarization component. The thickness ta and/or the material of the absorber 
can be selected or adjusted to achieve a desired extinction of the back reflections secondary 
TE polarized light. 

[0097] In an alternative embodiment, the polarizing component 92 may be disposed on top 
of a transmitting substrate instead of the absorber 94. When the polarizing component 92 
is disposed on top of a transmitting substrate, a quarter wave plate is disposed on the back 
of the substrate to absorb the undesired TM polarization. In either embodiments, the 
extinction of the TM polarization component is achieved by the incorporation of an 
absorber, be it an absorbing material or a quarter wave plate. Furthermore, a quarter wave 
plate may also be disposed between the polarizing component 92 and the absorber 94. In 
this instance, undesired TM polarization encounters the quarter wave plate and by passing 
the quarter wave plate becomes circularly polarized. Most of this circularly polarized light 
will be absorbed by absorber 94. However, if there some light is reflected back by a 
surface of the absorber 94. This reflected light will be sent towards the quarter wave plate 
and be polarized again circularly and thus changed into TE polarization. Since the 
polarizing component 92 reflects TE polarization, the light passing through the quarter 
wave plate a second time would be reflected by the polarizing component 92 and sent 
towards the absorber 94. In this way, this reflected light will be absorbed a second time by 
the absorber 94. This provides an enhanced elimination or extinction of the undesired 
polarization component, i.e., TM polarization. 

[0098] The polarizing component 92 shown in Figure 9A can have a structure of a gratings 
polarizer 92A as illustrated schematically in Figure 9B or a structure of a ring polarizer 
92B as illustrated schematically in Figure 9C. The gratings polarizer 92A may be similar 
to the radial polarizer 20 shown in Figure 2A. The gratings polarizer 92A has period 
gratings 93 arranged in a radially symmetric pattern azimuthally spaced apart. The solid 
arrows in Figure 9B show the configuration/orientation of the TE polarization component 
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and dotted arrows show the configuration/orientation of the TM polarization component. 
As stated previously, the component polarization that has an orientation perpendicular to 
the gratings (grid-lines or elongated elements) are transmitted while the polarization 
component parallel to the grid-lines is reflected. Thus, the gratings polarizer 92A is such 
that the TM polarization is reflected and the TE polarization is transmitted. The TE 
polarization is eventually absorbed by absorber 94 (shown in Figure 9 A). In this instance, 
the component used for imaging is the TM polarization component. This configuration of 
the absorbing element 92 is, however, rarely used in reflective lithography. 

[0099J In contrast, the configuration shown in Figure 9C of a ring polarizer 92B is the most 
used in reflective lithography. The ring polarizer 92B has rings 95 which can be disposed 
on absorber 94 (shown in Figure 9A) or disposed on a transmitting substrate as discussed 
above. The rings 95 are disposed concentrically and are periodically spaced. The solid 
arrows in Figure 9C show the configuration/orientation of the TE polarization component 
and the dotted arrows show the configuration/orientation of the TM polarization 
component. As stated previously, the component polarization that has an orientation 
perpendicular to the gratings, i.e. perpendicular to a tangent of the rings, are transmitted 
while the polarization component tangential to the rings is reflected. In this case the TM 
polarization is transmitted while the TE polarization is reflected. The TM polarization is 
eventually absorbed by absorber 94 (shown in Figure 9A). In this instance, the component 
used for imaging is the TE polarization component. 

[00100] Referring to Figure 10, a device manufacturing method according to the present 
invention includes providing a substrate that is at least partially covered by a layer of 
radiation-sensitive material SI 10, providing a projection beam of radiation using a 
radiation system S 120, using a patterning device to endow the projection beam with a 
pattern in its cross-section SI 30, projecting the patterned beam of radiation onto a target 
portion of the layer of radiation-sensitive material SI 40, and polarizing the beam of 
radiation in a transverse electric polarization SI 50. 

[00101] Figure 11 is a schematic illustration of another embodiment of a polarizer 100 
according to the present invention used to create tangential polarization. Conventional 
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polarization systems are known to use polarization units such as beam-splitting cubes. 
Beam-splitting cubes consist of a pair of fused silica precision right-angle prisms carefully 
cemented together to minimize wave front distortion. The hypotenuse of one of the prisms 
is coated with a multilayer polarizing beam-splitter coating (such as a birefringent material) 
optimized for a specific wavelength. The beam-splitter throws away an amount of incident 
light, and at the exit from the cube, in one of the two branches, the light is linearly 
polarized. Conventionally, in order to prevent differences in printing horizontal and 
vertical lines, the polarization is rendered circular with a quarter wave plate, in the pupil of 
the imaging system. 

[00102] However as stated previously, circular polarization is comprised of both 
fundamental polarization components TE and TM. In accordance with the present 
invention, a polarizer plate 102 is introduced in the pupil of the imaging system comprising 
the cube beam-splitter 103. In one embodiment, the plate polarizer 102 comprises two 
half-wave plates 104A and 104B. The plate polarizer 102 polarizes the linear polarized 
light into a first s-polarized light S 1 and a second s-polarized light S2 such that a wave 
vector SI of the first s-polarized light and a wave vector S2 of the second polarized light 
are perpendicular to each other. The plate polarizer is disposed at the end of the cube- 
beam-splitter 103 such that one polarization direction is limited to only two quarters of the 
pupil. This is suitable for printing horizontal lines since the polarization arrives as s- 
polarization on the wafer. In the other two quarters segments, a half-wave phase shift is 
introduced through birefringence (under 45 degrees). The polarization that was sagital will 
rotate over 90 degrees and becomes also tangential. This, in turn, is suitable for printing 
vertical lines. In other words, the first s-polarized light S 1 is used to print lines on a wafer 
in a horizontal direction and the second s-polarized light S2 is used to print lines on a wafer 
in a vertical direction. In this way, S-poiarization or TE polarization is obtained for both 
vertical and horizontal lines. 

[00103] Furthermore, since numerous modifications and changes will readily occur to those 
of skill in the art, it is not desired to limit the invention to the exact construction and 
operation described herein. Moreover, the process, method and apparatus of the present 
invention, like related apparatus and processes used in the lithographic arts tend to be 
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complex in nature and are often best practiced by empirically determining the appropriate 
values of the operating parameters or by conducting computer simulations to arrive at a 
best design for a given application. Accordingly, all suitable modifications and equivalents 
should be considered as falling within the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . A radial transverse electric polarizer device, comprising: 
a first layer of material having a first refractive index; 

a second layer of material having a second refractive index; and 

a plurality of elongated elements azimuthally and periodically spaced apart, and 

disposed between said first layer and said second layer, 

wherein said plurality of elongated elements interact with electromagnetic waves of 

radiation to transmit transverse electric polarization of electromagnetic waves of radiation, 

2. A radial transverse electric polarizer device according to claim 1, 
wherein said first refractive index is equal to said second refractive index. 

3. A radial transverse electric polarizer device according to claim 1, 
wherein said plurality of elongated elements form a plurality of gaps. 

4. A radial transverse electric polarizer device according to claim 3, 
wherein said gaps include air. 

5. A radial transverse electric polarizer device according to claim 3, 
wherein said gaps include a material having a third refractive index. 

6. A radial transverse electric polarizer device according to claim 1, 
wherein said elongated elements have a fourth refractive index. 

7. A radial transverse electric polarizer device according to claim 1, 

wherein said elongated elements periodically are spaced apart with a period selected 
to polarize said electromagnetic waves of light in a transverse electric polarization. 



8. A radial transverse electric polarizer device according to claim 1, 
wherein said electromagnetic radiation is ultraviolet radiation. 
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9. A radial transverse electric polarizer device, comprising: 
a substrate material having a first refractive index; and 

a plurality of elongated azimuthally oriented elements coupled to said substrate 
material, said elongated elements having a second refractive index, 

wherein said plurality of elements are periodically spaced apart to form a plurality 
of gaps such that said radial transverse electric polarizer device interacts with an 
electromagnetic radiation comprising first and second polarizations to reflect substantially 
all of the radiation of the first polarization and transmit substantially all of the radiation of 
the second polarization* 

10. A radial transverse electric polarizer device according to claim 9, 

wherein said first polarization is a transverse magnetic polarization and said second 
polarization is a transverse electric polarization. 

11. A radial transverse electric polarizer device according to claim 9, 
wherein said plurality of elongated elements are formed of an electrically 

conductive material at a wavelength of said electromagnetic radiation. 

12. A radial transverse electric polarizer device according to claim 1 1, 

wherein said electrically conductive material is selected from the group: aluminum, 
chrome, silver and gold. 

13. A radial transverse electric polarizer device according to claim 9, 

wherein said substrate material is formed of a dielectric material at a wavelength of 
said electromagnetic radiation. 

14. A radial transverse electric polarizer device according to claim 13, 

wherein said dielectric material is selected from the group: quartz, silicon oxide, 
silicon nitride, gallium arsenide and combinations thereof. 

15. A radial transverse electric polarizer device according to claim 9, 
wherein said substrate material comprises a dielectric material. 
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16. A radial transverse electric polarizer device according to claim 9, further 
comprising: 

a thin layer of absorbing material, said thin layer of absorbing material absorbing 
radiation at a wavelength of said electromagnetic radiation, 

wherein said plurality of elongated elements are coated with said thin layer of 
absorbing material. 

17. A radial transverse electric polarizer device according to claim 16, 
wherein said thin layer of absorbing material is selected such that a portion of 

reflected radiation of the first polarization transformed into a secondary radiation of a 
second polarization is substantially absorbed by said thin layer of absorbing material. 

18. A radial transverse electric polarizer device according to claim 17, 

wherein the radiation of the second polarization is minimally absorbed by said thin 
layer of absorbing material. 

19. A radial transverse electric polarizer according to claim 18, 

wherein said thin layer of absorbing material substantially eliminates polarization 
flare in the transmitted radiation of a second polarization. 

20. A radial transverse electric polarizer device according to claim 9, 
wherein the second polarization is a transverse electric polarization. 

21. A radial transverse electric polarizer device according to claim 16, 

wherein said thin layer of absorbing material is selected from the group: A1 2 0 3 and 
anodic oxidized aluminum. 

22. A lithographic projection apparatus, comprising: 

a radiation system configured to provide a projection beam of radiation; 
a support structure configured to support a patterning device, the patterning device 
configured to pattern the projection beam according to a desired pattern; 
a substrate table configured to hold a substrate; 
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a projection system configured to project the patterned beam onto a target portion of 
the substrate; and 

a polarizer device constructed and arranged to polarize said beam of a radiation in a 
transverse electric polarization direction. 

23. A lithographic projection apparatus according to claim 22, 
wherein said polarizer device comprises: 

a first layer of material having a first refractive index; 

a second layer of material having a second refractive index; and 

a plurality of elongated elements azimuthally and periodically spaced apart, and 
disposed between said first layer and said second layer, 

wherein said plurality of elongated elements interact with said beam of radiation to 
transmit transverse electric polarization of said beam of radiation. 

24. A lithographic projection apparatus according to claim 22, 
wherein said polarizer device comprises: 

a substrate material having a first refractive index; 

a plurality of elongated azimuthally oriented elements coupled to said substrate 
material, said elongated elements having a second refractive index, and 

wherein said plurality of elements are periodically spaced apart to form a plurality 
of gaps such that said radial transverse electric polarizer device interacts with the beam of 
radiation comprising first and second polarizations to reflect substantially all of the 
radiation of the first polarization and transmit substantially all of the radiation of the 
second polarization. 

25. A lithographic projection apparatus according to claim 24, 

wherein said polarizer device further comprises a thin layer of absorbing material, 
said thin layer of absorbing material absorbing radiation at a wavelength of said 
electromagnetic radiation, 

wherein said plurality of elongated elements are coated with said thin layer of 
absorbing material. 
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26. A lithographic projection apparatus according to claim 25, 

wherein said thin layer of absorbing material is selected such that a portion of 
reflected radiation of the first polarization transformed into a secondary radiation of a 
second polarization is substantially absorbed by said thin layer of absorbing material. 

27. A lithographic projection apparatus according to claim 26, 

wherein the radiation of the second polarization is minimally absorbed by said thin 
layer of absorbing material. 

28. A lithographic projection apparatus according to claim 27, 

wherein said thin layer of absorbing material substantially eliminates polarization 
flare in the transmitted radiation of a second polarization. 

29. A lithographic projection apparatus according to claim 25, 
wherein the second polarization is a transverse electric polarization. 

30. A lithographic projection apparatus according to claim 25, 

wherein said thin layer of absorbing material is selected from the group: AI2O3 and 
anodic oxidized aluminum. 



31. A lithographic projection apparatus according to claim 22, 

wherein a wavelength range of said radiation beam is in the ultraviolet spectrum. 

32. A lithographic projection apparatus according to claim 31, 
wherein said wavelength range is between 365 nm and 126 nm. 

33 . A lithographic projection apparatus according to claim 3 1 , 
wherein said wavelength range is in the extreme ultraviolet. 

34. A radial transverse electric polarizer device which interacts with an electromagnetic 
radiation comprising first and second polarizations to reflect substantially all of the 
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radiation of the first polarization and transmit substantially all of the radiation of the 
second polarization, said polarizer device comprising: 

a plurality of sector-shaped linear polarizer plates, each defining a plurality of 
parallel linear polarization orientations, 

wherein said plurality of sector-shaped linear polarizer plates are azimuthally 
arranged such that said plurality of parallel linear polarization orientations rotate to form a 
radial polarization configuration. 

35. A radial transverse electric polarizer device according to claim 34, 

wherein said radial transverse polarizer is constructed and arranged to rotate around 
an axis perpendicular to a plane defined by said radial transverse polarizer. 

36. A device manufacturing method, comprising: 

projecting a patterned beam of radiation onto a target portion of a layer of radiation- 
sensitive material at least partially covering a substrate; and 

polarizing said beam of radiation in a transverse electric polarization. 

37. A device manufactured according to the method of claim 36. 

38. A tangential polarizer device, comprising: 

a cube beam-splitter polarizer constructed and arranged to polarize at least a portion 
of an incident light into a linear polarized light; and 

a polarizing plate comprising two half-wave plates, 

wherein said polarizing plate is disposed at an end of said cube beam-splitter 
polarizer to polarize said linear polarized light into a first s-polarized light and a second s- 
polarized light such that a wave vector of said first s-polarized light and a wave vector of 
said second s-polarized light are perpendicular to each other. 

39. The tangential polarizer device according to claim 38, wherein said first s-polarized 
light is used to print lines on a wafer in a horizontal direction and said second s-polarized 
light is used to print lines on a wafer in a vertical direction. 
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40. A polarizer device comprising: 
a polarizing component; and 

an absorber disposed on a backside of said polarizing component, 
wherein said polarizing component interacts with an electromagnetic radiation 
comprising first and second polarizations to reflect substantially all radiation of the first 
polarization and transmit substantially all radiation of the second polarization, and said 
absorber includes a material absorbing at a wavelength of said electromagnetic radiation, 
said material absorbing substantially all radiation of said second polarization, 

41 . A polarizer device according to claim 40, 

wherein said polarizing component comprises a plurality of elongated azimuthally 
oriented elements, said plurality of elements being periodically spaced apart to form a 
plurality of gaps. 

42. A polarizer device according to claim 4 1 , 

wherein said plurality of elongated elements are electrically conductive at the 
wavelength of the electromagnetic radiation. 

43. A polarizer device according to claim 40, 

wherein said first polarization is a transverse magnetic polarization and said second 
polarization is a transverse electric polarization. 

44. A polarizer device according to claim 40, 

wherein said polarizing component comprises a plurality of rings disposed 
concentrically, said rings being periodically spaced. 

45. A polarizer device according to claim 44, 

wherein said first polarization is a transverse electric polarization and said second 
polarization is a transverse magnetic polarization. 

46. A reflective-type lithographic apparatus using a polarizer device according to claim 
40. 




(59) JP 2004-258670 A 2004.9.16 

47. A polarizer device according to claim 40, wherein said material absorbing at said 
wavelength of the electromagnetic radiation is selected from the group: AI2O3 and anodic 
oxidized aluminum. 
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ABSTRACT 

1 Abstract 

A radial transverse electric polarizer includes a first layer of material having a first 
refractive index, a second layer of material having a second refractive index, and a plurality 
of elongated elements azimuthally and periodically spaced apart, and disposed between the 
first layer and the second layer. The plurality of elongated elements interact with 
electromagnetic waves of radiation to transmit transverse electric polarization of 
electromagnetic waves of radiation. The polarizer device may be used, for example, in a 
lithographic projection apparatus to increase imaging resolution. A device manufacturing 
method includes polarizing a beam of radiation in a transverse electric polarization. 

2 Representative Drawing 

Ffcj. 1 
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